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THROUGH THE EYES OF THE EDITOR 


Louis S. Block has written about den- 
ture problems from a viewpoint opposite that 
of most authors. He has searched for the 
things that are similar rather than those 
which are different in the procedures used 
by many prosthetic authorities. Strangely 
enough he has found that the various tech- 
niques are not as far apart in principle 
as they seem at first glance. By this ap- 
proach, he has stated some principles which 
could be used to unconfuse those confused 
by the apparently divergent viewpoints ex- 
pressed in some other articles. It is obvious 
that not all will agree with the author on all 
of the points discussed, but everyone will 
find many points with which he can agree. 
This article represents a fresh approach to 
the problems of prosthodontics. 

M. A. Pleasure favors nonanatomic teeth 
over anatomic teeth in his comparison. He 
criticizes the reasoning of those who favor 
anatomic teeth at several points. Some of 
the criticism. may have merit, but some is 
“slanted.” No one can say what nature 
intended. We can only speculate as_ to 
cause and effect. Various interpretations are 
made of the wear that does occur on teeth. 
He apparently feels that occlusal wear is a 
protective mechanism, but points of wear can 
be predicted by considering the relative time 
any point is in contact with any other given 
point during a given movement. A single 
point on a buccal cusp of a lower molar, for 
instance, may be in contact with its op- 
ponent throughout an entire gliding move- 
ment, but it will make contact with many 
points on its opponent. Naturally, more 
abrasion will result on that point on the 
lower buccal cusp than will occur on any one 
point with which it makes contact. It is 
true that bilaterally balanced occlusion is in- 
effective when the bolus of food is sufficiently 
large to hold the teeth apart, but unfor- 
tunately this is true regardless of the type 
of teeth used. However, bilateral balance is 
beneficial when there is no food in the 
mouth. This may be observed by comparing 
the health of anterior ridges with the two 
occlusal patterns on dentures when the teeth 
are arranged so the anterior teeth make con- 
tact in protrusive positions. There may be 
merit in the analysis that the anatomic cusps 
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provide resistance to closure on food in the 
cyclic movement, but it is well to keep in 
mind that without resistance there is no 
work. The anti-Monson curve favors the 
lower denture, but by that very fact it is 
more unfavorable to the upper denture. 

It should be noted that not all periodontal 
disease results from occlusion, although mal- 
occlusion can certainly contribute to the loss 
of periodontal structure. It seems most 
likely that the occlusal disharmony is the 
cause rather than cusps per se when occlu- 
sion is a factor in periodontal destruction. 
Pleasure is certainly correct when he states 
that much research is necessary before this 
problem can be resolved. This research 
should be done to find out and not to prove. 
Reasoning that nature has developed the 
best tooth has been rightly criticized. The 
situation is certainly different after the teeth 
are lost. It is too bad that about a million 
years ago, nature did not start evolving the 
forms of artificial teeth. Most people who 
have lost their teeth’ have already con- 
tributed their share to the evolution of 
future denture patients. Let’s keep an open 
mind until we have more of the answers. 

Russell H. Augsburger has found wide 
deviations in the location of the occlusal 
plane as it is described in dental literature. 
In an effort to find the true location in nat- 
ural dentitions, two hundred lateral cranial 
roentgen-ray projections were made. The 
methods used for the study are sound. The 
facial types of the various subjects were de- 
termined, and the position of the occlusal 
plane was located for each type. The find- 
ings indicate a strong correlation between 
the occlusal plane and the facial type. The 
practical application of this research is pos- 
sible, but it is complicated by some factors 
the author mentions. The data regarding 
tongue position and anterior tooth position 
in relation to the occlusal plane in each facial 
type are significant. It may serve as a 
guide for variations in impression require- 
ments as well as tooth position. 

George Wood Clapp shows that it is not 
necessary to have elaborate apparatus to 
carry out some research. He has described 
a simple means for measuring the pull of 
the inframandibular muscles. While the tre- 
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sults are admittedly subject to some error, 
the approximation is enlightening. 

Clyde’ H. Schuyler discusses the factors 
of occlusion as they relate to full or partial 
prosthesis. He favors the use of a shallow 
incisal guidance, and on the basis of his 
analysis it seems sound. The statement that 
anterior teeth should be “in contact in the 
centric relation” should not apply to com- 
plete dentures as it does to natural teeth. 
He recognizes Bennett movement as the very 
important posterior guidance, but on ac- 
count of its small magnitude is satisfied 
with an approximate adjustment for this 
movement. He suggests that articulators be 
adjusted for a slight excess of Bennett move- 
ment rather than too little. An analysis of 
the effect of the Bennett movement on the 
relations of inclines of the teeth will show 
that he is correct. Correction of the occlu- 
sion of the restorations in natural teeth in 
the mouth seems to be a necessity because 
every articulating instrument falls short, at 
some point, in the exact duplication of all 
possible tooth contacts. We agree, also, that 
complete dentures should be remounted after 
processing for final occlusal corrections. We 
feel that he is absolutely correct when he 
says that an understanding of occlusion is 
more important than the instruments used. 

Arthur H. Schmidt sets up five basic prin- 
ciples for partial denture construction. These 
principles are thoroughly sound and well 
thought out. There can be little criticism of 
these principles or of the functions and re- 
sponsibilities assigned to each part of a 
partial denture. The objectives and_pro- 
cedures of surveying and designing are 
clearly stated. The various types of clasps 
are discussed, and indications for their use 
are listed. We question the inclusion of the 
back-action clasp because of the damage 
it can do to periodontal tissues. The pro- 
cedures used in planning, designing, and con- 
structing partial dentures are described in 
detail. These procedures are based on the 
principles which were discussed and upon 
the use of prefabricated forms for the vari- 
ous parts of the metal framework. The basis 
for the procedure is sound because it in- 
volves an exacting diagnosis and planning 
a logical procedure for design on good bi- 
ologic and mechanical principles. and con- 
struction in orderly sequence. Some parts 
of the procedure may be open to question, 
but in an over-all appraisal the procedure 
seems to be good. 

John H. Wilson recommends the relining 
of all new distal extension partial dentures 
in order to use the soft tissue support to the 
best advantage. He reasons that the im- 
pression materials being used for partial den- 
ture impressions do not control these tis- 
sues properly. His analysis of the problem 
seems logical. It cannot be disputed that 
the maximum use of the tissue should be 
made. He recommends the use of impression 
Wax or zinc oxide and eugenol paste on the 
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tissue side of the completed denture for this 
reline impression. The dangers of the 
method arise from “light biting pressures” 
which might displace the denture saddles 
too much if a premature occlusal contact 
exists. Any relining method requires ex- 
treme care in its execution. 


Frank H. Nealon reports his studies of 
the working properties of alignate impres- 
sion materials. The work is significant be- 
cause of the importance of the exacting tech- 
niques that are shown to be required. Flow 
of the material (when it is placed in the 
mouth too soon) is suggested as a possible 
cause of inaccuracies in upper impressions. 

Grant Van Huysen and Drexell A. Boyd 
have shed new light on the effects of opera- 
tive procedures on the pulps of teeth. Both 
human and dog teeth were used in the ex- 
periments. The effects of cavity prepara- 
tion by airbrasive and rotating instruments 
were found to be no different. A calcium 
hydroxide cavity lining was found to be the 
best available protection for the pulp. Their 
observation that pulp exposures may be made 
which are not visible to the naked eye seems 
important. Mechanical pressure of filling 
materials and foreign material forced into 
the pulp chamber are shown to have caused 
pulp inflammation and death. 


L. A. Bavetta discusses the causes and 
effects of obesity. This is important to den- 
tists for two reasons. First, it is of vital 
concern to some of our prosthetic patients, 
and second, it is of particular concern to 
dentists themselves. He shows that those 
who are too fat are placing too great a bur- 
den on their cardiovascular system, just to 
carry the addition weight. The effect can 
be seen in the number of our contemporaries 
who pass on to their reward even in the 
prime of their life. It is noteworthy that too 
often those in the healing professions can 
prolong the lives of their patients, but are 
not so successful in doing so for themselves. 

Paul C. Kitchin reports his evaluation of 
the claims for the various methods for the 
control of dental decay. His analysis seems 
to be a good appraisal of the present situa- 
tion. He recognizes that this situation can 
change at any time. This problem is one of 
vital concern to anyone doing restorative 
dentistry for patients who have some natural 
teeth remaining. 

Hobart H. Proctor discusses oral path- 
ology in relation to prosthesis. He urges 
that more attention be given to the diag- 
nosis of oral lesions by prosthodontists. This 
is a definite responsibility of dentists. We 
suggest that a greater use of qualified oral 
pathologists be made if there is any doubt 
about the diagnosis. Moniliasis, a fungus 
disease, is shown to be the cause of some 
denture sore mouths. His suggestion that 
the surgeon and the prosthodontist should 
cooperate in the treatment of tumors is very 
timely. Many times the prosthetic problem 
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can be simplified through this cooperation. 
The suggested restorations are both in- 
genious and effective. 

Jerome C. Strain has reviewed the vari- 
ous classifications of clefts in the palate and 
has found each of them inadequate in some 
respects. He sets up four logical require- 
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ments of a classification for it to be of value 
for descriptive purposes and treatment plan- 
ning. His classification is simple enough to 
be practical and descriptive enough to be 
complete. It is to be hoped that it can be 
adopted by all who treat cleft palate pa- 
tients. 


—Carl O. Boucher. 





COMMON FACTORS IN COMPLETE DENTURE PROSTHETICS 


Louis S. Brock, D.D.S. 


Louisville, Ky. 


WO YEARS AGO it was my privilege to spend a week at a prosthetic session 

where ten men, all of whom have attained wide recognition as prosthetists, 
were assigned patients. Each operator constructed upper and lower complete den- 
tures according to his own prosthetic concepts. The work was carried out in a 
large institution where each man was allowed his own private office, an assistant, 
and all the technical help he desired. The laboratory procedures were carried out 
under his supervision, or by him, and there was ample time, since each man had 
only one patient to care for during the week. The observations and conclusions 
drawn from this remarkable demonstration were of great value. 

This article is the result of an effort to coordinate the conclusions of my years 
in the prosthetic field (since 1927) with the conclusions drawn from the week of 
study and observation at the prosthetic session described in the opening paragraph. 

For years I have guided my thinking along the course of what is the dif- 
ference between techniques such as “What does this man do that another man does 
not do?” “Why?” Often, such a study leaves one confused and unable to select a 
course to follow. It recently occurred to me that instead of studying the difference 
between techniques and concepts, our attention perhaps should be directed to the 
similarity of procedures. To state it more directly, we should seek the common 
denominators, the factors present in all successful denture cases, regardless of 
materials used or techniques followed. This paper is a review, not of individuals 
and the principles they have presented, but is a composite picture with my own re- 
action to all I have been exposed to in prosthetics. Even if the two men are using 
different techniques let us check to see if the techniques are not adhering to the 
same basic principles. 


IMPRESSIONS 


Dentistry, like clothes design, dancing styles, taste in popular music, etc., goes 
through fads and phases. In my twenty-six years in dentistry, I have been lectured 
to and “sold” on why I should make modeling compound impressions under pres- 
sure, wax, or soluble plaster impressions under function, or closed-mouth impres- 
sions ; impressions of zinc oxide and eugenol pastes, impressions in special trays 
with predetermined border outlines, impressions under so-called negative pressure, 
or impressions as pressureless as possible, making a record of the tissues at rest. 
Plaster of Paris has been used, discarded as primitive, and exhumed and revived 
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periodically. Waxes and alginate and hydrocolloids are also used in various tech- 
niques, and it is fairly certain that most of us are paying rent for storage closets 
as full of as many different impression materials as can be found on the shelf of 
your supply house. There is nothing wrong with that situation because different 
patients require different types of treatment, and the dentist who renders the 
greatest good to the greatest number does not try to follow one impression tech- 
nique, or use one impression material for all patients. Instead, he has mastered 
the handling of all the materials, and can use them as indicated. I believe only one 
technique, once popular, is completely shelved at this time, and that is the so-called 
“tissue compression” method. Of course, by now, we have all had it clarified: 
(1) that a tissue containing liquid cannot be compressed, but instead the fluids in 
the tissue are displaced. (2) This displacement, which some suggested and taught 
twenty or more years ago, is now considered to be an insult to the tissues and to 
hasten resorption of the underlying structures. Therefore, we now see our pro- 
fession hard at work making impressions, either held lightly in place or not being 
held in place at all, only lying on the tissue. We also hear enthusiastic talk from 
a group identified as “mucostatic’” men. There have been many arguments, pro 
and con, about their terminology, and also the originality of their thinking. I think 
these arguments will ultimately prove to have been of great benefit to dentistry. 
Regardless of who gets credit as to origin, I believe the wave of “mucostatic think- 
ing” has improved all of our impression making, if only to have us stop pushing 
upward or pressing downward on trays filled with moldable material. Another 
mucostatic principle, that of covering only bearing areas with denture bases, is 
one to be accepted or rejected in the hands and minds of each individual operator. 
However, of all the dentures I have ever seen, the most generally acceptable have 
been those which have been neither overextended or underextended, but have 
covered as much area as possible, and whose borders have rested in soft tissue 
within limits of physiologic function. This does not mean that a carefully made 
cast metal base made from a pressureless impression will not have beautiful adapta- 
tion even if its margins are short of conventional soft tissue borders. However, 
I am still old-fashioned enough to like the stability and seal found in conventional 
denture borders which have been developed by respecting the border muscles and 
their attachments. Therefore, let us say, follow anatomic landmarks given through 
the years, respect the muscles in function and at rest, take advantage of border areas 
for a seal, use any impression material you feel your patient’s condition calls for, 
but don’t let the material make the impressions. It is your knowledge of anatomy 
and function that makes you manage the material, and have it do what is expected 
of it. If you know what you want in the finished impression and are the master of 
the material used, you will get the desired result regardless of technique. To quote 
Dr. Harold Harris, “1. Cover as much area as possible. 2. Rest in soft tissue to 
add stability and create seal. 3. Rest in soft tissue within limits of physiologic 
function.” And here is the practical application: Trim the tray until no border 
tissue will move it. Then develop the border seal in any manner desired to you— 
plaster, compound, or wax. 
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PATIENT EDUCATION 


At this point I would like to retrace our steps and discuss a problem which is 
seldom touched upon in our textbooks, but in my opinion is as important to the 
success of our dentures as is any technique used. I refer to educating the patient 
as to what his individual mouth problems are, and preparing the patient for what 
can be expected, and how he can best cooperate. The patient hopes for a certain 
result, and unless we explain the difference between what is hoped for and what 
can be expected, we can have an unhappy patient and an unhappier dentist, who 
also may be an unpaid dentist. Perhaps the following excerpt, from a previous 
paper’ brings this point home more clearly : 


“Let us teach the dentist the value and importance of preparing the patient 
for this prosthetic dental operation. Our goal in ‘patient preparation’ is to 
establish the maximum confidence and understanding on the part of the patient. 
This is not always possible, but the closer we approach the goal the better our 
chance for success. I have always believed that the old masters of prosthetic 
dentistry, the ‘name men,’ can attribute many successful results to the fact 
that they radiate confidence, and their patients, becoming exposed and infected 
with that confidence, are relaxed, feeling assured that their dentures will be a 
success. A relaxed patient is practically a requisite for success, and the 
younger and less experienced dentist does not always possess the reputation 
or the confidence to radiate upon the patient. I believe some of the great 
teachers should spend as much time in teaching patient preparation as they 
spend in teaching the mechanics of examination and technique. 

“Patient preparation should actually be under way when the clinical oral 
examination is being made. There is a great advantage in handing the patient a 
hand mirror, and asking him or her to follow the dentist during the examina- 
tion. Good illumination being available, the patient becomes interested and 
education begins at once. Conditions of the mucosa, hard areas, flabby areas, 
bearing areas, inflammation, the normal and the abnormal are all pointed out 
to the patient who, if properly prepared, becomes an associate operator. If 
the patient has any teeth, either natural or artificial, there is a great advantage 
in studying the opening and closing movements while the patient is watching 
in the mirror. It is explained that some of the movement is up and down 
as on a hinge, and that our problem is to see that the hinge is in the right 
place. The patient should be told that the mouth must be free of tender areas, 
the jaws free of pain to pressure or movement, and the muscles of the jaw, 
the face and, in fact, the whole body should be relaxed. The patient should 
understand that some people are more tense than others and that being tense 
under strenuous conditions is perfectly normal. He should understand that 
the term ‘strenuous conditions’ can apply to both physical and mental pressures 
that are present, in varying degrees, most of the time. It can usually be 
demonstrated, with some guidance of the mandible by the dentist, what is 
meant by premature occlusal contacts, and how these early contacts cause 
a shifting of the mandible at the completion of the closing movement. If the 
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patient is uncomfortable or extremely tense, this fact can be brought out, 
and the need for establishing a more relaxed state is easy to demonstrate. 

“With the patient now versed in the fundamentals, and knowing gener- 
ally what is to be done, his fears and apprehension are replaced with a coop- 
erative and interested attitude. The patient is not stimulated into an over- 
optimistic state, but is educated, and has sound facts upon which to base his 
expectations. The time spent on patient preparation will reduce the time to 
be spent on ‘jaw relations’ and ‘adjustment and corrective procedures’ enough 
to more than justify itself.” 


We have now met our patient, begun our education, and have completed our im- 
pressions. If we had selected eight of you in this room and had assigned the impres- 
sion making to eight different men, we may have had eight techniques, all seeming to 
be entirely different, but if the basic principles and fundamentals were followed, all 
eight sets of impressions would, in their completed state, resemble each other to a 
surprising degree. When the casts were poured and separated and trimmed, it is 
likely that some of you would not be able to identify whose casts were whose. It is, 
therefore, the anatomic outline form and proper respect for physiology and function 
which are the common denominators or factors present in all successful impressions. 


OCCLUSION RIMS 


Someone asked, ‘““What is the most important step in denture construction ?” 
The answer was, “Whatever step you are engaged in at any given moment.” This 
is an appropriate time to insert this bit of wisdom as we may have a tendency to un- 
derestimate the importance of this step. We need well-adapted stabilized bases 
under our occlusion rims if the records and registrations are to be accurate, and they 
must be accurate to be of any value. The occlusion rim is built on the baseplate. 
Here is where we enter into the problem of esthetics, vertical dimension, centric re- 
lation, protrusive relations, try-ins, etc. All of these operations, each an essential 
link to a successful chain, must be performed on bases which do not slip and slide, 
and which remain adapted to the cast. Some advocate burnishing tin foil to the 
cast, and after lining the shellac base with zinc oxide eugenol paste, the base is 
forced over the foiled cast. Undercuts must have been blocked out with wax prior 
to foiling the cast. The foil adheres to the paste and becomes part of the trial base. 
This gives stability which should approximate that of the finished denture. I have 
been able to stabilize lower bases by lining the shellac base with impression com- 
pound and forcing it to place. We must be cautioned against using too much pres- 
sure as the cast could be fractured. New materials are appearing on the market 
which may solve this problem. It is certain that we all agree on the importance of 
stabilized bases. 


VERTICAL DIMENSION, FACIAL FORM, AND CONTOURS 


Successful dentures must look good, feel good, function well, and do a mini- 
mum of damage (possibly a certain amount of good) to the foundation tissues under 
them. When we restore the proper vertical dimension, we fulfill these requirements. 
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The terms rest position, physical rest position, physiologic rest position, free-way 
space, power point, etc., all refer to some concept in this highly essential and often 
controversial step of restoring facial form and contour. Form and function cannot 
be restored with too much opening or with too little opening. Somewhere between 
these extremes there is workability, good sense, and safety. After watching 
many outstanding men work on vertical dimension on many different patients, 
after experimenting clinically in my own practice, following each of several tech- 
niques on dozens of patients, after looking at and listening to and digesting great 
quantities of material on the subject, I am forced to agree with Swenson* who says, 
“The only definite statement that should be made (regarding vertical dimension ) is 
that it is an indefinite procedure.” I believe there are some patients who can and do 
manage with an intermaxillary or free-way space of as little as 1 to 1% millimeters 
in the bicuspid region. Others would be miserable and unable to relax, talk without 
effort, chew properly, or even keep dentures in the mouth unless the freedom allowed 
measured 3 to 6 millimeters. In a case where a patient has been edentulous for a 
long period, where either from a history of pathology or of ill-fitting dentures, the 
ridges are irregular and extremely sensitive, it may be advisable to increase the free- 
way space 8 to 10 or 12 millimeters to reduce the chewing force. To be definite as to 
the number of millimeters of free-way space normal to the human race is to presume 
to pinpoint a range, which is variable in different individuals. Certainly there are 
averages, but so are there averages in shoe sizes. Even the official 50-yard small 
bore rifle target has a bullseye which measures 34 inch in diameter. So an expert 
rifleman has freedom in marksmanship and can still be correct. 


Several years ago I reported on my experiences in measuring vertical dimen- 
sion on the same patient, using several methods to determine and record.* 


“T believe that I have tried all of the existing methods, and I have concluded that 
regardless of what methods we use, our results will be substantially the same. 
The various means I have employed include: use of the Boos Bimeter, study of 
the intermaxillary space between physical and physiologic rest positions, fol- 
lowing the theory that patients retain their tactile sense as to proper degree of 
closure, profile study or attempting, in edentulous cases, to parallel the ridges. 
I have had edentulous patients close into softened wax to ‘where their natural 
teeth used to be,’ allowing their muscle sense to guide the amount of opening. 
The Bimeter was then used on these patients, after which the opening com- 
ponent was determined by permitting the patients to relax and by limiting the 
free space between the upper and lower arches to approximately 2 mm. in the 
first bicuspid region. We found practically no variation in the vertical dimen- 
sion achieved by the different methods. In all of these cases the ridges were 
parallel so far as the eye could see.” 


Let us say the teeth should not touch when the patient talks nor should the pa- 
tient in closing appear strained either on the open or closed extreme. We must 
admit there are physiologic limits, and must keep our dentures within those limits. 
We may say that a factor common to all successful dentures is a vertical dimension, 
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guided by a free-way space and which is always within physiologic limits. To that 
we may add a few points: (1) Since most talking, and chewing, in fact during 
most of our waking hours most of our living is done with the head in an upright 
position, it is well to have the patient in an upright position when establishing ver- 
tical dimension. If the head is lying back against a dental chair head-rest the influ- 
ence of muscles will not be the same as if the head is free and vertical. (2) The pa- 
tient should be relaxed and free from unusual physical or mental tensions. The 
importance of this fact should be remembered when all occlusal registrations are 
made. 


MOUNTING THE UPPER CAST 


Dentists will argue until the end of time on the importance and value of the 
face-bow. There are denture techniques which demand it and techniques which 
have no place for it. If there is a likelihood that the operator may have to open or 
close the interalveolar space on the articulator, this can be done safely to a limited 
extent if a kinematic face-bow is used to locate the opening or hinge axis of the man- 
dible. Otherwise new centric registrations should be made. On the other hand, the 
Stansbery technique, which uses the tripod, has no need for the face-bow. Many 
use the face-bow primarily to orient the cast on the articulator in approximately 
the same relationship to the condyles as it is in the head. Some use it only to assure 
the operator of the proper alignment of the anterior teeth. Regardless of why it is 
used, most prosthodontists find the face-bow a worthwhile auxiliary device. Its use 
takes so little time, and because it may save so much time it is recommended. In 
successful dentures, proper orientation is always present, so we may say that if 
the technique called for it, in all likelihood the face-bow was used. 


CENTRIC RELATION 


The word centric suggests center or middle, and that in turn suggests the core 
or the heart of a situation. Recording centric relation is indeed the heart of pros- 
thetic procedures, as proper heart function is essential to body health, so is proper 
occlusal relationship essential to oral health. Eccentric or habit jaw relations are 
common to patients whose natural teeth have been worn or lost or have drifted im- 
properly. Before oral rehabilitation is started, a careful restoration of centric 
relation is made, usually by removing interfering cuspal points or elongated teeth. 
So, with the edentulous patient, all factors which may interfere with a smooth open- 
ing and closing centric path must be eliminated. If extractions are recent, tender 
areas must be relieved in the occlusion rim. If the new dentures replace old ill- 
fitting dentures, tissue irritations caused by the old dentures must be relieved. Re- 
gardless of the technique used, the patient can and will cooperate better if an effort 
is made to bring about his relaxation, both physical and mental. It is also a great 
asset if the dentist also is relaxed. A nervous, impatient, and possibly slightly irri- 
table dentist or assistant transmits these tensions to the atmosphere of the office and 
the patient, and can result in slight errors which do not always show up until the 
dentures are completed, too late for simple correction. A pleasant, quiet air infused 
with confidence is a tremendous help in establishing repose and cooperation. 
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The method of securing our patient’s centric relation should be left to the choice 
and skill of the operator. Most undergraduate and graduate instruction teaches 
some form or method of intermaxillary tracing. This can be by means of a central 
bearing point or on occluding contacting rims, it can be intraoral or extraoral. A 
dozen or more tracing devices have proved satisfactory over the years, and in all 
likelihood are very nearly equally satisfactory, provided (1) the bases are stable, and 
(2) the dentist knows how to instruct the patient and how to interpret the tracing. I 
believe correct centric and incorrect centric relation records can be secured following 
all of the accepted tracing techniques. One tender spot under a baseplate can cause 
a slight muscular contraction, imperceptible to the operator, and result in an eccen- 
tric pattern. The error may be slight, but in the finished dentures it can be observed 
in a “hit and slide” contact, and the resulting sore spots. Many good operators use a 
soft wax checkbite technique for registering centric relation. I have used it more 
and more in recent years, and I know that in recent years my dentures have needed 
fewer adjustments. This may be due to my having more control over my patients, 
and to my having a better understanding of what I am seeking. It is possible that if 
I returned to the use of a tracing technique, these better results would continue. 

In my hands, the following procedure has been generally successful. After the 
vertical dimension has been established in the upper and lower occlusion rims, and 
the upper cast has been mounted in the articulator with a face-bow, three or four 
millimeters of wax are removed from the posterior areas of the lower occlusion rim 
corresponding to the position where the bicuspids and molars would be, leaving con- 
tact only in the anterior area. This will maintain the vertical opening previously 
determined. Soft baseplate wax is now sealed and built up in excess on the lower 
posterior area to take the place of the wax removed. This bulk of new and softer 
wax is softened, almost pooled, and the patient instructed to close into this soft un- 
resisting mass. This is done only after the patient has been rehearsed over and 
over until the proper centric closure is reasonably assured. Excess wax is removed 
after chilling, and the registration is checked as many times as seems necessary. I 
do not believe in forcibly retruding the patient’s mandible because an unstrained re- 
trusion is what we seek. Frequently my index finger is placed on the patient’s chin 
and a slight guiding pressure is used to assist the patient in starting in the 
right direction. Let us conclude that correct centric relation records, made with 
equalized but slight pressure, made on stabilized bases, at the accepted vertical di- 
mension must be considered a factor common to all successful denture cases. We 
cannot call dentures a success if the centric relation is incorrect. 


ECCENTRIC REGISTRATIONS 


A great number of mechanical nonanatomic tooth forms are now in use. Most 
of these teeth are set on a flat plane, and have little or no cuspal height or incline. 
With these I see little need for protrusive records. With anatomic posterior tooth 
forms, checkbites should be made to adhere to the technique being followed. A pro- 
trusive record only is called for on the Hanau articulator, while the Stansbery, 
Terrell, and other techniques call for lateral checkbites also. When anatomic teeth 
are used, a protrusive registration may be made after the teeth are set up. Soft wax, 
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3/16 to 1/4 inch thick, is placed over the posterior teeth while the trial dentures are 
on the articulator. The articulator is set 1/4 inch in protrusive, and the teeth on the 
upper member of the articulator are pressed into the wax just enough to make 
definite indentations in the wax. The condyle adjustments may be set at 15 degrees 
or 20 degrees at this time. These marks help guide the patient to make a straight- 
forward protrusive closure and not a lateral closure. When the wax is softened 
further by dipping it in warm water a few seconds, the indentations are still there. 
The patient is not allowed to bite all the way through the wax, as a tooth contact may 
misguide the closing stroke. 


TOOTH SELECTION 


Anterior Teeth_—Recent years have seen many changes in design as well as in 
materials used in denture teeth. The early plastic teeth showed pitting in the pres- 
ence of some types of saliva, and the first of the porcelain teeth with transparent and 
translucent incisal edges were very brittle and fractured easily. We of the dental 
profession assumed the financial burden for the manufacturers by believing what 
they said, and by buying what they made. The results were not pleasant. I believe 
(and hope) that the improved plastic teeth will do what is claimed for them. During 
the past two years I have had very good fortune with them. The new porcelain also 
is far superior to that of ten years ago. Because of these improvements, I cannot see 
where material need be a factor in the selection of anterior teeth. The mold and shade 
desired should determine the choice of type of tooth selected. Practically all careful 
operators modify the teeth either before, during, or after they are set up, by grind- 
ing and reshaping. Staining, creating illusions of fillings, etc., are effective means of 
making artificial teeth look natural. I believe the two most important factors in 
esthetics are tooth position and size. Of course, where pre-extraction records are 
available, anterior tooth selection does not present so many difficulties. Anterior 
teeth should be selected and arranged in harmony with individual face types. For 
an excellent guide to study of facial types and tooth arrangement, I would recom- 
mend an article by Hughes.“ Swenson’ has excellent material in his book “Complete 
Dentures” on tooth selection and arrangement. I cannot separate these two factors, 
as they are interdependent. Harmonious restoration of facial form and contour, an 
effect which is natural and pleasing to the eye but not conspicuous, is a factor com- 
mon to all successful dentures. 


POSTERIOR TOOTH FORM 


Here again we will consider tooth form and position interdependent and as one. 
While anterior tooth selection is principally a matter of esthetics, posterior tooth 
selection is governed chiefly by principles involved in the technique being followed. 
A review of the literature covering the teachings of Stansbery, House, Avery, Pleas- 
ure, Schuyler, Sears, Swenson, French, LaDue, Hall, Hardy, DeVan and many 
others will demonstrate how posterior tooth form is adapted to the thinking and 
teaching of these men and their various concepts of occlusion. What is right and 
what is wrong? <A successful denture must have the posterior tooth form the tech- 
nique calls for. Beyond that I do not believe that the selection of tooth form is as 
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important to the success of dentures as the manufacturers or teachers believe. In 
twenty-six years, | have seen many excellent complete denture patients, happy pa- 
tients, who look fine, feel fine, and who can chew to their complete satisfaction. 
Some of these had flat teeth, either ground or worn to a reverse “Pleasure-Avery” 
curve, some had 45-degree posterior teeth, slightly milled to around 35 degrees to 
40 degrees on a House machine or freed on a Stansbery tripod, some had 33-degree 
cusps to start with, set on a flat plan and modified to balance in protrusive on a 
Hanau articulator. Some had mechanical posteriors like Hall’s, Sears’, LaDue’s, 
French’s and some had flat teeth with steel inserts. I have even seen dentures with 
porcelain first bicuspids and first molars and plastic second bicuspids and second 
molars. I believe I have tried nearly every available anterior and posterior tooth 
form, and have seen them all demonstrated with great enthusiasm. 

The one factor common to all the successful dentures was that regardless of 
posterior tooth form or material, the posterior teeth or at least parts of the occluding 
surfaces of the posterior teeth came into contact evenly and simultaneously in centric 
occlusion. If they did not, the dentures were not a success, regardless of tooth form 
or material. Also, in these successful dentures, lateral and protrusive movements 
were made with comfort, freedom, and no visible rocking or displacement of either 
denture. I have seen successful dentures where posterior teeth were set over the 
ridge and many where they were not. The position and selection of posterior teeth 
must be governed somewhat by the space to be filled, and influenced by the tongue 
and cheeks. I heard one teacher asked, “Where do you set anterior teeth?’ He re- 
plied, “In the middle of the hole.” This is not scientific or delicate, but it is graphic 
and fairly sound. To answer a similar question regarding posterior teeth I would 
answer, over the ridge, if possible, slightly to the lingual if stability on ridge was a 
serious problem, and to the buccal if tongue room is the chief problem, or if control 
and manipulation of food is a factor. Conform the teeth to the shape and size of the 
area to be filled, and that goes for the contour of the denture bases as well as the 
tooth position. The occlusal plane must not be too high or the tongue will be re- 
stricted and the denture will be unstable as a result. The cheeks, the tongue, and 
the ridge influence posterior tooth position and must be considered for every patient. 

That brings us to the important step of waxing the dentures. The form of the 
polished surfaces of dentures affects their retention. It also influences esthetics. 
Since the cheeks form a convex pattern against the teeth, bulging inwardly, the 
buccal surfaces of the denture should form a continuous concave pattern. Thus, 
the pressure of the cheeks against the buccal surfaces will tend to hold the upper 
denture up and the lower denture down. On the lingual and palatal side, the two 
dentures should form a circular pattern, the lower concavity to accommodate the 
tongue at rest, and the upper concavity to allow tongue space and to guide the pres- 
sure of the tongue and food in an upward and lateral direction. Nearly all of us 
make either alginate or hydrocolloid impressions of our patients with natural teeth 
for study. If we make a practice of building up the trays to include all of the buccal 
and lingual areas, well beyond the necks of the teeth to the turn of the tissue, we 
will have a fine opportunity to study anatomic form and contour. This will be 
helpful in waxing and shaping our dentures. For instance, you will note that 
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frequently the palate, lingual to the molars, extends medially, or straight to the 
center, for perhaps 3 to 6 millimeters before beginning the arch form. In other 
patients, this is not found. Where it is needed and restored in the upper denture, 
it will be an aid in phonetics where the tongue needs a stop, and in swallowing 
where the opening must be sealed to form a vacuum. 


ESTHETIC BASES 

Many materials and techniques are now available for coloring our dentures to 
give the bases a more lifelike appearance. These colored bases can be stippled, and 
the esthetic results are far beyond the greatest hopes we dared have a few years ago. 
Effective stippling of the waxed-up denture is done easily by tapping the wax lightly 
with a stiff toothbrush or small brush wheel. If care is used in carving and stip- 
pling, making sure that the labial surfaces will be left intact, the stippling will not 
have to be polished out. A tin foil substitute is used, and when the denture is re- 
moved from the flask, it is soaked in a saturated solution of sodium citrate. This will 
remove any stone or plaster, and the stippled area should need no trimming. It will 
need only to be given a high-shine with a soft brush wheel. Let us conclude then 
that a factor common to successful dentures is proper respect for cheeks, tongue, and , 
lips in contouring the polished surfaces. 


LABORATORY PROCEDURES 

Here again are many schools of thought ; how to invest, how to pack, whether to 
use a cold pack material or a slow cure in warm water or a rapid boil technique. 
Shall we use tin foil or a tin foil substitute? Shall we hand pack, or use the injection 
method, or the even newer casting method? This advice has been given by good au- 
thorities, and I have found it worth following : “Follow the instructions given by the 
manufacturer.’ Each manufacturer has developed a technique best suited for his 
material, and nearly all the denture materials will prove far more satisfactory if this 
is done. Do not use the monomer of one denture material with polymer of an- 
other, just because you had some left over on the shelf. Some of the chemicals one 
chemist puts in the monomer may be found in the polymer made by another. This 
will affect the end results by exaggerating the processing errors which are present 
under the most ideal conditions. While on this subject of processing, it may be well 
to quote further from men with wide experience in laboratory procedure. They tell 
us never to boil a repair or reline. If we do, we release tensions which have been 
held in check within the processed denture. These tensions, being released, will 
cause distortions and warpage. In my laboratory, we either do cold pack repairs, 
advising the patient that we do not know how well or how long it will hold, or we 
cure for six hours at 158° F., using a material which calls for that time and tempera- 
ture. However, I believe that soon we will be able to have the confidence we want 
in the cold pack materials. Overpacking is one of the most common causes of proc- 
essing errors. Numerous trial packs to obtain just the correct amount of material 
are advised. So many of us are tempted to put in a last little wad of dough for in- 
surance. It’s that extra, that little surplus, which pushes teeth around or prevents 
the flask from closing all the way. There should be no flash around the dentures 
as they are cut out of the flask. 
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The casts are keyed, and are remounted on the articulator, and the inevitable 
processing errors in the dentures are removed. Where to grind the interfering points 
depends on the denture technique used and the tooth form selected. Here is a 
simple starting procedure, workable with most techniques. Use two-color marking 
paper, a blue articulating paper or typewriter ribbon, and a red typewriter ribbon. 
Tap the teeth together in centric position on the blue and then mark protrusive and 
lateral positions with red. If both red and blue show on a cusp point, it is high both 
in centric and eccentric positions, and the point should be reduced. If the cusp 
shows blue only, it is high in centric position only, cup out opposing fossa so there 
will still be a contact in eccentric positions when the pin is closed, and the interfer- 
ence is removed. Once the pin is closed we try to avoid any more grinding on the 
lingual cusps of the upper teeth or their opposing central fossae of the lower teeth, 
or the buccal cusps of the lower teeth or their opposing central fossae of the upper 
teeth. The patient may be allowed to wear the dentures for a few days, then, if it is 
necessary, the dentures may be remounted with new registrations, and further cor- 
rections made. Some techniques require milling at the time of delivery, while some 
excellent prosthodontists prefer +o do delicate, final occlusal adjustments in the 
mouth. I am convinced that with care, good dentures can be made with either 
method, and without care poor dentures can be made with either method. 

Whenever possible, in my practice, by the time my patients receive their den- 
tures they have read Dr. Victor Sears’ fine educational book, “New Teeth for Old’’,’ 
my most popular reception room literature, and have chuckled, while learning a little 
by reading a tiny brochure entitled, “Taming Wild Teeth” by George W. Spayth. 
These two authors have saved me many hours of explanation and instruction to 
patients. We have spent many hours from start to finish of our dentures performing 
delicate and painstaking operations. Preparing and conditioning and educating our 
patient should parallel the dental procedure in order that an understanding of all the 
plus and minus factors are as well fixed in the patient’s mind as they are in ours. It 
is when we overlook the need and opportunity for perfect rapport between dentist 
and patient that difficulties arise. 
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ANATOMIC VERSUS NONANATOMIC TEETH 


M. A. Preasure, D.D.S., M.S.P.H. 
New York, N. Y. 


HIRTY years ago the question of using anatomic or nonanatomic posterior 
ken for full dentures would not have been asked. The manufacturers of 
prosthetic teeth were competing with each other to produce occlusal designs which 
minutely imitated the pattern of nature. It is true that the older textbooks and 
catalogues showed posterior tooth forms with low or no cusps, and with minimal 
interdigitation, but these had come to be regarded as primitive obsolete forms, and 
not suitable to the prevailing level of scientific denture work. 

The credit for the first serious challenge to the doctrine that anatomic occlusal 
forms were the ideal pattern for full dentures belongs to Sears."* He and Hall’ 
are the two authors who established our right to ask the question under discussion 
here: anatomic vs. nonanatomic teeth: which are better for full denture work? 

As we begin to examine the grounds upon which the traditionalist, anatomic 
school, and the heretical, nonanatomic school build their arguments, we see how far 
we are from any scientific basis for a final judgment. 

The anatomic group stresses the fact that the human occlusal pattern is the 
product of a long process of evolution. During the hundreds of generations wherein 
inan’s teeth had great survival value, many genetic variations of inferior utility must 
have been eliminated by natural selection. The structure of the temporomandibu- 
lar joint, the periodontal attachments, the neuromuscular system, and other 
relevant factors had ample time to develop a closely integrated functional pattern 
which we inherit today. 

If we grant that much of this functional pattern persists after our patients have 
lost their teeth, what could be more logical than the selection of posterior teeth of 
a form identical to the departed members for use upon our denture bases. And 
how dare we to presume that our limited understanding could devise an occlusal 
design superior to that developed by the agelong collaboration of Mother Nature 
and Father Time? 

We dare because the truth is that the loss of the teeth by our patient deprives 
him of more than the occlusion; it costs him the attachments, too. If we elect to 
use anatomic teeth, we are not restoring the crowns to an otherwise unaltered 
structural system, because we are unable to restore the attachment. It cannot be 
sufficiently emphasized that this deficiency throws the entire chewing system out 
of physiologic balance. 
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Early exponents of the nonanatomic school pointed out that methods of loco- 
motion seen in the animal kingdom had not been adaptable to mechanical applica- 
tion: our vehicles move about on wheels instead of legs, our airplanes .do not flap 
their wings like birds. Hence, there would seem to be ample precedent for a de- 
parture from strict conformity to nature’s plan of occlusal design when it must 
be adapted for use with dentures. Obviously, it would be better to assemble reasons 
for departing from the anatomic pattern which depend less upon analogy and more 
upon pertinent and convincing analysis of mastication with dentures as an engineer- 
ing problem. This is not so formidable an undertaking as it might seem to be if 
we do not insist upon precise quantitative data. If we assemble existing information 
under the following headings we secure means for attempting such an analysis: 


The Forces of Mastication—Relevant data can be found in the literature, 
contributed by Black," and especially Howell and Manley,’ and O’Rourke.’ It has 
been established that the natural dentition can sustain a force of over a hundred 
pounds between the first molars; with dentures most patients must be content with 
iess than 30 pounds. Most chewing is performed at pressures of one-third to one- 
half of these maxima. 

The Direction of Movement.—Gysi,’ Hildebrand,* Kurth,’ and Boswell” have 
contributed substantially identical pictures of the cyclic character of the chewing 
movement (Fig. 1), during the successive stages of the chewing cycle, especially 
in the final state when the teeth on the working side are approaching centric contact 
against the resistance of food. 


The Reaction Upon the Teeth of the forces exerted by the compressed morsel. 
We shall consider this effect upon natural teeth with normal periodontal support, 
and upon prosthetic teeth supported by a denture base. Attempts to visualize this 
reaction may be found in the papers by Gysi,’ Pleasure, ” * and Boswell.” Boswell 
has constructed and often displayed ingenious mechanical models which most con- 
vincingly prove the force of this reaction. 

With a reasonably clear picture of how the teeth move through food during 
mastication, it is possible, by applying certain elementary principles of physics, to 
predict the reaction of the compressed food upon the teeth and upon the stability 
of the denture base (Gysi,’ Pleasure," and Boswell). An engineer supplied 
with quantitative data under these headings could subject it to a diagrammatic treat- 
ment called vector analysis. This form of analysis reveals graphically the extent to 
which multiple forces neutralize or reinforce each other, and the final stability or 
instability of the object upon which these forces impinge. Ledley,” working at the 
Bureau of Standards, has reported upon the application of advanced mathematical 
techniques to this problem. 


BALANCED OCCLUSION 


With anatomic teeth, it is possible to arrange their form and position so that, 
in gliding movements, multiple contacts between upper and lower teeth prevent tilt- 
ing of either denture upon the mucosa. The clearest and most systematic procedure 
for accomplishing this kind of balanced occlusion was described by Schuyler.“ His 
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system, diligently and intelligently applied, will indeed provide the patient with a 
well-balanced occlusion, and a minimal displacement of denture bases, provided no 
food is interposed., Protrusive movement is facilitated by the minimal vertical 
incisal overlap; lateral movement by reduced inclination of the upper buccal and 
lower lingual cusps. The multiple, bilateral contacts in these movements help effec- 
tively to prevent tilting of denture bases and irritation of the mucosa in the aimless, 
between-meal closures that occur many times an hour. 


1. PLANE OF CLOSURE 3. FORCES OF CLOSURE: Actiom and Reaction 
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Fig. 1—1, The plane of closure. The cyclic movement in chewing is in the plane of the 
contralateral arm of the Gothic arch tracing. 2, The cycle of closure. The glide path (Kurth) 
shows the effect of the upper, buccal and lingual cusps in lifting the jaws apart as soon as the 
teeth depart from centric occlusion. The chewing cycle occurs below the glide path, and may 
not actually touch it;'* the most important phase, indicated by the solid line, is illustrated in 
part 3: 3, The forces of closure. Primary muscle force carries the mandible toward centric 
position; the teeth go along if their attachment to the alveolar bone is secure in the face of 
the resistance of the morsel which is being crushed between occlusal inclines of upper lingual 
and lower buccal cusps. Resultant forces Re and Rs generated by these inclines are unfavorable 
to the stability of a full lower denture. 


CHEWING CYCLE 


However, reference to the pattern of the normal chewing cycle (Fig. 1) quickly 
reveals that protrusive and lateral movements, away from centric position, are not 
chewing movements. These are abductive movements which separate the jaws 
against minimal resistance. The most powerful group of the muscles of mastication, 
the adductors, cooperate in moving the teeth toward centric, from the protrusive 
or lateral positions. If this be so, then a moderate incisal guidance and a normal 
inclination of the upper buccal and lower lingual cusps will serve to direct and 
facilitate the path toward centric position. And conversely, the prominent lower 
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buccal and upper lingual cusps, which are traditionally preserved for “balancing 
contacts” will, as they encounter resistant food, obstruct the movement toward 
centric position, which is the major effort of the muscles of mastication in chewing. 
Obviously, the essential act of mastication consists of overcoming this ‘‘obstruction” 
by reducing the food to shreds and particles preparatory to swallowing (Fig. 1). 

The obstruction of the cyclic physiologic chewing movement which occurs when 
cusped teeth encounter resistant food is the crux of the problem. With the natural 
dentition, it is always the food which gives way under pressure, because the at- 
tachment of the teeth to the alveolar bone is secure. With dentures the situation 
may be reversed ; the attachment of the denture base, especially the full lower, often 
leaves much to be desired. The mucosa under the base, which is not biologically 
adapted to the function of denture support, may suffer severe pain between bone 
and plastic when the muscles pull on the mandible and the teeth get hung up on a 
resistant morsel. Bilateral balance is absent at this time because the teeth are separ- 
ated by the food. 


OCCLUSAL WEAR 


If we examine the skulls of men living during prehistoric ages, when teeth 
were of far greater physiologic value than today, when their embryologic pattern, 
at eruption identical with ours, was subject to the integrative effect of vigorous 
function, we observe that the upper buccal and lower lingual cusps survived attrition, 
probably because they did not obstruct the vigorous chewing movements. But the 
upper lingual and lower buccal cusps did wear away, because they projected into 
the slipstream of food and abrasive particles which impinged against them in chew- 
ing. If these upper lingual and lower buccal cusps, today preserved with such 
solicitude by the anatomic school, were really of such transcendant importance to 
efficient mastication, our primitive ancestors should have suffered from malnutrition. 
It is difficult to account for the healthy periodontal structures they retained for many 
years past the age when these cusps were erased by attrition. 

The wear of posterior teeth which is so uniformly seen in the dentition of 
primitive man must be regarded as a normal phenomenon. The teeth we inherit 
today were evolved by primitive man, and their structure and pattern probably were 
related to the demands of daily function. Excessive wear was probably injurious, 
and was prevented by the hard enamel, and compensated for by what we now term 
the continuous eruption of teeth. But a moderate amount of wear served a hygienic 
function. Malocclusion due to minor irregularities of the teeth was automatically 
reduced to the standard pattern by the abrasive diet. The result was that the 
occlusion of adults was “ground in” to close integration with all factors controlling 
mandibular movement. Bilateral and protrusive balance, so rare in contemporary 
natural dentitions, was common in well-worn dentitions, although the balancing 
contracts were not so numerous as in the ideal unworn occlusion. 


The specific type of balance characteristic of a well-worn occlusion is illustrated 
in Fig. 2. This scheme can be adapted to full denture occlusion where the second 
molars are positioned to achieve this type of contact. The anti-Monson occlusal 
inclination of the first molar and the premolars creates an inclined plane which tends 
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to stabilize the lower denture during mastication. This plane need not be blunt; 
it can be grooved buccolingually to create both cutting ridges and sluiceways for 
reducing the pressure required to shred and shear food. The normal shape of 
the chewing cycle will not be obstructed by entanglement of cusps with food. More- 
over, the upper and lower teeth will not be locked into an exclusive and obligate 
centric occlusion; slight changes in vertical dimension or in muscle balance, and 
even small errors in centric registration, will be accommodated, and will not create 
an unstable and traumatic occlusal! relation. 


A. D. 
B. E. 
C. Ys 





Fig. 2.—This skull, propably from India, shows teeth rendered cuspless by severe wear, 
but the requirements of occlusal balance are still fulfilled because both anteroposterior and 
transverse compensating curves are present. A, Facial view in centric occlusion; B, perspective 
view, showing occlusal pitch of worn lower first molars (anti-Monson) and contrasting con- 
ventional (Monson) pitch of third molars; C, perspective view of upper teeth. Lingual cusps 
of the first molars are shorter than the buccal cusps, with the reverse relation on the third 
molars. D, buccal view of the right side in centric occlusion. Note the curve of Spee E, buccal 
view of the right side in working occlusion (use of an organic cement to fasten the teeth in 
their sockets had produced some malocclusion). F, right side showing balancing contact on the 
third molars by virtue of the transverse compensating curve. In full dentures, such a single 
point of contact on the balancing side is sufficient. 


Today, when observers representing the two opposing factions examine the 
same skull with well-worn teeth, one will point to the blunted cusps and ridges and 
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condemn the occlusion as worn out. The other will observe the same shortened 
crowns and diminished cusps and point with approval to the excellent condition 
of the alveolar bone, the evidence of freedom from periodontal disease. 





Fig. 3.—Mandible of an Australian aborigine. The cuspless occlusal surfaces are associated 
with excellent alveolar bone. In traversing the chewing cycle such teeth exert rubbing and 
shearing stresses, not crushing stresses, upon resistant food. Although the cyclic movement 
contains a strong transverse element in the last phase, the stresses upon the teeth are at right 
angles to the flat occlusal plane, and, therefore, nearly in the long axis of the roots. (Illustration 
from ‘The Toothbrush: Its Use and Abuse”, by courtesy of the author, Dr. Isidore Hirschfeld.) 


The writer cannot claim an impartial position in this argument. The sharp, 
steep cusps of the embryologic occlusal pattern must have served a purpose in child- 
hood and youth about which we may speculate. In primitive man, this pattern was 
almost universally altered by use as maturity approached, the blunter occlusal sur- 
faces and shorter crowns somehow were associated with an astonishing degree of 
periodontal health. The cusps were lost, but the periodontal attachment survived. In 
our generation, the occlusal anatomy of childhood lasts into maturity, but our 
periodontium does not, all too often. Some periodontists are seriously speculating 
about the relation between survival of the cusps and loss of the peridontium, or 
loss of the cusps and survival of the periodontium (Fig. 3). In passing through re- 
sistant food the lofty cusps do not advance with their sharp points leading—the 
chewing cycle shows that the occlusal inclines of the lower buccal cusps advance 
broadside on; these inclines generate transverse stresses which may be traumatic 
(Fig. 1). In youth, repair and regeneration of tissue are rapid; in later life, when 
the powers of repair are diminished, the trauma may be cumulative, and loss of 
the attachment ensues. The periodontal attachment is essential to efficient mastica- 
tion, but cusps are not. If we may be permitted to question the value of unworn 
cusps because of their apparent association with damage to the health of the living 
periodontal attachment in middle life, what is the value of cusps where the attach- 
ment to the alveolar bone has been replaced by a denture base and a film of saliva 
instead of 22 to 24 roots? 

How many of us have not heard our patients remark that their dentures are 
comfortable at all times and in all positions “except when I try to chew, doctor.” 
Now, it is not pretended that we have a remedy guaranteed to overcome this com- 
plaint in all cases, but it is suggested that an occlusion must be sought which is 
integrated with the nature of the attachment as well as with geometric factors such 
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as condylar and incisal guidances. Is it wise to say “let us use cusp teeth with good 
ridges and cuspless teeth with poor ridges”? The best ridges provide an attachment 
far inferior to natural roots and periodontal structures. Where the roots are gone 
or the periodontal structures impaired, we must contrive an occlusal pattern which 
will triturate food efficiently with minimal lateral stress. Modified cuspal anatomy 
is a major resource for achieving this end. 


THE OCCLUSAL PATTERN 


We are thus confronted with a problem in functional design, defined as “fitness 
for use.” We must create an occlusal pattern compatible with the facts of life in 
the edentulous mouth. Such an occlusal pattern must be engineered to redress the 
unequal stability of upper and lower denture bases on behalf of the best possible 
total function. Recognition of the fact that the lower denture is inherently less 
stable, in most cases, is a first step toward a rational solution. The comparative 
insecurity of the attachment between denture teeth and the moving jaw demands that 
the occlusion be of special design. This special design is calculated to convert the 
reaction pressure of food into resultants directed vertically or lingually so that 
denture stability will be maintained. The occlusal pattern of denture teeth should 
be designed to facilitate both penetration and trituration by employing cutting and 
shearing forces instead of crushing forces. 

Development of improved posterior teeth with occlusal designs fulfilling the re- 
quirements suggested above will not be long delayed. The military services and 
the Veterans Administration have manifested interest in this problem to the extent 
of supporting such studies as those by Manley” and his group at Tufts College, 
Ledley” at the Bureau of Standards, and others. The manufacturers of prosthetic 
teeth have offered to our profession a number of nonanatomic tooth forms, but seem 
disposed to spend more freely for advertising their claims than for research and 
development. The American pharmaceutical industry has learned that support of 
efforts to evaluate existing remedies, and to develop new ones are essential to 
survival in a competitive market. Our tooth manufacturers have yet to adopt such 
an enlightened policy. 

The orderly development of more effective occlusal patterns will proceed more 
rapidly when we have attained a laboratory method of comparing and evaluating 
different patterns objectively without recourse to a patient as part of the experiment. 
We need a machine upon which different types of posterior teeth can be tested 
with a standardized food substitute as regards: (1) the forces encountered in clos- 
ing through food; (2) the number of chewing cycles required; (3) the amount of 
lateral displacement induced in the tooth support during a normal chewing cycle 
against resistant food. It is suggested that triturating efficiency may not be the 
best measure of the value of a posterior tooth form. Depending upon their occlusal 
inclined planes, different teeth may induce or suppress a tendency of the denture 
base to be displaced during chewing. This factor may be more significant than 
triturating efficiency in terms of comfort and the survival of supporting structures, 
and may be more susceptible to measurement under laboratory conditions which do 
not involve participation of a patient. It may be expected that the problems of 
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functional design of posterior teeth for full dentures will yield to a broad funda- 
mental research attack such as is being so admirably conducted by Manley and his 
associates at Tufts College. 


SUMMARY 


Teeth for dentures differ so radically from natural teeth in the firmness of their 
attachment to the jaw that special designs are required to help stabilize them during 
chewing. 

The development of special occlusal patterns for denture teeth awaits the ap- 
plication of engineering methods by competent industrial designers under dental 
supervision. It can be predicted that the result of their efforts will be a “functional 
design,” notable for “fitness for use” under realistic conditions. Such a functional de- 
sign will minimize the displacement of denture bases (especially the lower) which 
is so traumatic to the alveolar mucosa during mastication. 
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OCCLUSAL PLANE RELATION TO FACIAL TYPE 


RusseLL H. Aucsspurcer, D.D.S., B.S* 


Washington, D.C. 


O TWO skull formations are exactly alike. In every case, however, traces of 

the basic growth pattern remain. As we cannot control biologic laws reflected 
in skull development, our only approach in the establishment of denture relation- 
ships is to observe associated landmarks, and conform to physical laws in developing 
functional dentures. 

Carefully conducted research has shown that the occlusal plane tends more often 
in early life to parallel the naso-meatal line than in adulthood. Due to growth pat- 
tern, differences of the cranium and face revealed that the occlusal plane descends the 
same at its posterior as it does at the anterior end; however, the naso-meatal plane 
differs. With physiologic cessation of growth at its posterior, and continued down- 
ward and forward displacement of the anterior end, this plane converges anteriorly 
with the occlusal plane until face growth ceases." Further appraisal of these findings 
indicated no correlation between the location of the naso-meatal line and the 
occlusal plane.” As per se statements, these are true ; however, if we consider first the 
relative position of maxilla to mandible, it is possible te delineate the limits of the 
occlusal plane when comparing it with the Camper plane. 

Impetus for this study has evolved from established observation that the 
direction in which masticatory forces are transmitted to the denture bases too often 
destroys their stability. Conversely, it is believed that teeth oriented on an occlusal 
plane in harmony with the individuals’ physiognomy is responsible, in part, all con- 
ditions being equal, for stable, retentive full dentures.’ 

It is well to realize that the magnitude of masticatory pressures applied to den- 
ture bases, while variable, range from 5 to 50 pounds total force,* in contrast to an 
average of 175 pounds with natural teeth. 

The hypothesis of Dr. George A. Hughes that face form in lateral aspect is of 
significant practical value to the problem of full denture stability has been the in- 
spiration for this research. 

The problem, in short, is whether or not there exists in natural dentitions a 
relationship between facial type and the location of the occlusal plane. 


Material analyzed was acquired from the files of the Division of Denture Prosthetics, Uni- 
versity of California. 

The opinions or assertions contained herein are the private ones of the writer and are not 
to be construed as official or reflecting the views of the Army Dental Corps. 

Read before the Academy of Denture Prosthetics, Los Angeles, California, April 14, 1953. 

Received for publication May 9, 1953. 

*Lieutenant Colonel, Dental Corps, U. S. Army. Formerly Professor Military Science and 
Tactics at the University of California, College of Dentistry. 
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Close scanning of dental literature generally reveals a plane of occlusion oriented 
to Camper’s line. On closer scrutiny, several questions arise in natural sequence, 
namely, where is Camper’s line, where is the occlusal plane, and are all dentitions re- 


lated to this line? 

Tabulating, in chronological order, a few of the salient articles catalogued by 
the Dental Index from 1839 to our contemporary times, the occlusal plane in full 
denture prosthesis is found in the following positions : 


1858: 


1884: 


1885: 


1897 : 


1897 : 


1910: 


1912: 


1914: 


1914: 


1917: 


1920: 


1921: 


1925: 


(Bonwill) An articulator and a system is developed for establishing an 
occlusal plane dependent on equalizing the distance between the alveo- 
lar ridges in the molar region for positioning the artificial teeth. Artis- 
tic requirements and geometrical principles are considered.” 

(Driscoll) It is recommended that the occlusal plane be tilted to pro- 
duce upward and backward thrust on the upper denture, with down- 
ward and forward action on the lower denture for increased retention.’ 
(Walker) The plane of articulation is parallel to the maxillary alveolar 
ridges. A facial clinometer registers angular deviation between the 
plane of articulation and inclination of the condylar path.* 

(Broomell) The natural tooth-line is parallel to a horizontal base line 
extending from the center of the glenoid fossa to the anterior nasal 
spine. This is also used as a guide for partial cases with only anterior 
teeth remaining.” 

(Bonwill) The plane of occlusion is parallel to the plane of condyle 
movement. The condyle movement is set at right angles to the ramus." 
(Clapp) The occlusal plane is established parallel with a line drawn 
from the lower margin of the external auditory meatus to the lower 
margin of the alae of the nose.” 

(Dalby) The occlusal plane is parallel to a line drawn from the lowest 
point of the external auditory meatus to the lowest point at the alae of 
the nose, the anterior extremity of the plane being one-sixteenth inch 
below the upper lip at rest.” 

(Dalby) The occlusal plane is parallel to a line drawn from the lowest 
point of the alae of the nose to a point at least one-fourth inch lower 
than the lowest point of the external auditory meatus.” 

(Crichton) The occlusal plane is oriented to the lip line anteriorly, and 
posteriorly one and three-eighths to one and one-fourth inches below 
the condyle level.” 

(Wilson) The occlusal plane is parallel to a line extending from the 
alae of the nose to the inferior border of the external auditory meatus.” 
(Ruppe) The occlusal plane is oriented parallel to Camper’s line per se.” 
(Cummer) The occlusal plane is located with the forward extremity 
two millimeters below the upper lip at rest, passing backward midway 
between the ridges.” 


(Giffen) The occlusal plane is parallel to a line extending from the 
alae of the nose to the external auditory meatus, keeping the plane as 
close to the mandible as esthetics allows.” 
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1925: 


1926: 


1928 : 


1929: 


1930: 


1933: 


1939: 


1940: 


1942: 


1947: 
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(Cocker) There is no scientific direction to the occlusal plane in arti- 
ficial dentures, due to conditions in natural dentitions differing so from 
those of artificial dentures that reproducing the natural occlusal plane 
offers no advantage for the extra care involved. Recommendation is 
made that the maxillary occlusal plane parallel the lower ridge in the 
anteroposterior direction and the lower teeth then be set to this ar- 
rangement.” 

(Clapp and Tench) The occlusal plane is parallel to a line extending 
from the alae of the nose to the superior border of the external audi- 
tory meatus.” 

(Prothero) The occlusal plane is parallel to a line drawn from the 
tragus of the ear to the alae of the nose, the anterior extension being 
one-sixteenth inch below the upper lip at rest. In establishing the verti- 
cal dimension, preserve an equal thickness of wax on the trial bases. 
The occlusal plane should be located near the residual alveolar ridge 
showing the least resorption.” 

(Gysi) The mandibular teeth are set somewhat to the curve of the al- 
veolar ridge, so that the masticatory force falls perpendicular to the 


ridge. 


29 


(Wadsworth) The occlusal plane is located by using the distance be- 
tween the condyles as the sides of an equilateral triangle. The distance 
is then struck off from the condyle to the centering plate on the articu- 
lator, similarly, from the median incisal line to the plate. The inter- 
section of the arcs is then used to draw the occlusal plane.” 

(Gillis) The occlusal plane is parallel to a line from the corner of the 
mouth, at rest, to the lower border of the ear lobe.“ 

(Schlosser) The occlusal plane is generally parallel to a straight line 
from the base of the nose to the center of the condyle head.” 

(Kurth) The occlusal plane is tentatively located in accord with 
Camper’s line (the points of location being superior to the external 
auditory meatus and the lower border of the alae of the nose). Evalu- 
ation of the ridges relative to the weak and strong arch orients the 
plane in a sagittal direction. Further consideration assigns a trans- 
verse cant to the occlusal plane, all dependent on the conditions pres- 
ent.” 

(Sears) The occlusal plane should be placed close to the weakest 
alveolar ridge tissues without acting as an incline plane. It is desirable 
to know the anteroposterior center of muscle pull on the mandible, 
knowing this would aid materially in locating the occlusal surfaces of 
mandibular denture teeth to the mandibular ridge.” 

(Landa) The occlusal plane is parallel to the ear-nose plane drawn 
from the alae of the nose to the middle point of the tragus of the ear. 
Recommendation is made to parallel the occlusal surface of mandibular 
molars to the contour of the lower alveolar crest, lowering the plane 
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of occlusion in the posterior only. Fricative sounds are advised as 
further checking aids.™ 

1947: (Bodine) The occlusal plane is determined while establishing centric 
vertical dimension. Stenson’s duct orifice is correlated with the vertical 
height of the maxillary first molar. The pterygomandibular fossa is 
related to the occlusal surfaces of the mandibular posterior teeth; 
deglutition forces are noted in this procedure. Fricative and sibilant 
sounds are used in orienting the anterior teeth.” 

1949: (Wright) Discovery and study in detailed manner of well-defined 
relationships between the lateral borders of the tongue and the occlusal 
surfaces of the lower posterior teeth. The information is presented as 
a guide to be used with other established aids.” 

1950: (Boucher) The occlusal plane location is determined by the height 
of the anterior teeth at one end of the plane and the height of the second 
molar at the other end. The top of the distal end of the retromolar 
pad is used as a reference point for orienting the second molar.” 


1953: (Sloane and Cook) A relationship exists between fixed craniometric 
landmarks common to the skull and edentulous maxillary casts and a 
plane of occlusion. A calibrated instrument is used in locating the 
plane.” 


From the foregoing, it is not difficult to concede that the precise location of the 
occlusal plane within the patient’s denture space is a nebulous concept; however, 
the most recent landmarks for locating the plane of occlusion appear by intent to 
be less limiting and, in turn, provide for greater individuality. 

In analyzing the deviation in belief, of the past, we of the present must heed 
the words of Lau—tze, the Chinese philosopher who said, ‘““The journey of a thou- 
sand miles begins with one step.” 

Consensus of opinion has it that the occlusal plane has been related to Camper’s 
line. Inasmuch as this line has been accepted by the posthodontist as a salient point 
of reference, it would seem desirable to delineate it accurately and propogate its 
use. In 1780 Petrus Camper, a Dutch anatomist, located upon the lateral aspect of 
skulls and living heads indifferently a line passing from the alae of the nose to the 
center of the external auditory meatus.” 


FACTORS IN GROWTH AND DEVELOPMENT 


In retrospect, it is desirable at this point to review the following facts: in early 
growth and development processes, genetic pattern is the primary guiding force; 
once this is established, a second factor enters the picture, namely, environment.” 
Environmental factors exert their influence—promoting or inhibiting harmony of 
growth and function.” 

Experiments on monkeys show, in profound manner, the influence of muscular 
imbalance upon the shape of the mature masticatory skeleton.” 

Observation and critical measurements of prosthodontic patients indicate the 
distinct effect of redundant muscular forces on osseous tissue.” 
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Wolff’s Law of transformation, in concise terms, states that functional stresses 
shape bone; change in direction or magnitude of forces will lead to changes in the 
form and structure of bones.” 


As a corollary, it may be taken further that a prominent force transmitted to 
developing dental and surrounding structures is that of muscle tension. As teeth 
erupt into the oral cavity and articulate with their opponents, the vector of forces 
delivered by the four paired muscles of mastication,” functioning in accord with 
the temporomandibular joint, manifests itself as a plane of occlusion. 

Investigation has shown that mastication is carried out mainly on the second 
bicuspid and first molar teeth of artificial dentures.” This is probably due to these 
teeth being located at a point of equalizing pressure on the supporting tissues, as 
well as being the center of intermaxillary force. 

From the standpoint of pure mechanics, the occlusal plane should be located 
at right angles to the lines of force. From the biomechanical standpoint these 
lines of force are understandably different for the various facial types. The varia- 
tion of origin and insertion of muscles occasioned by varying relative positions of 
mandible and maxilla is therefore axiomatic. It is reasonable that the orientation 
of a plane of occlusion be in harmony with the forces of each facial type. These 
factors would seem to have their importance enhanced in full denture prosthesis, 
where bases are floating on resilient tissue. 


METHODOLOGY 


For the purposes of objective study, and simplification of procedures for com- 
parison, the use of well-established landmarks, terminology, and equipment has been 
a constant endeavor. There is an instance where two adjacent landmarks have 
been reduced to a single point, minimizing description and the disadvantage found 
in the uncertainty of fixing two points. Consistent with this, Simon’s classification 
of maxillomandibular relations is used as a general basis. The Broadbent-Bolton 
Cephalostat and technique is used to insure all possible accuracy of comparative 
studies. Sorenson’s Profile Scale is formed as a flat celluloid intaglio with orienta- 
tion points at the nasion and gnathion; two millimeters, plus or minus, of a line 
bisecting the angle of the chin end of the caliper provides reasonable latitude in de- 
termining the gnathion location for contiguous mandibular positions found on an arc. 


Craniometric films, as well as casts of each of two hundred senior dental stu- 
dents, are the subjects of this study. The desire to record only cases with reason- 
ably good natural dentitions had to be compromised due to unavailability of suffi- 
cient intact dentitions; however, only those with minor tooth migration due to 
missing teeth are considered. There are fifty-eight such cases. No students with 
a history of orthodontic treatment are included. 

Flat plane roentgen ray projections of three dimensional subjects are not with- 
out ambiguity. Realizing the validity of midline points of comparison over bilateral 
structures, the majority of landmarks are in the sagittal plane. The Broadbent- 
Bolton Cephalostat with its long target subject distance minimizes structure distor- 
tion. 
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Where bilateral structures do not exactly coincide on the roentgen ray pro- 
jection, a mean is struck between the two points. 

Because of density and individuality, dental structures present the most diffi- 
culty in evaluating bilateral forms for establishing a plane of orientation. Casts 
were perused in determining the final location of the plane relation to the anterior 
teeth. 

Simon’s classification of facial types is used for convenience of terminology, 
landmarks, and general inherent understanding of categories. The intent is to use 
this classification without reference to correctible deviations from the norm, but as 
separable facial types. Notation should be made that this project applies the system 
directly to osseous structures. Simon’s original work in 1922 applied it to soft tis- 
sues through photostatic methods. 

The landmarks used are described briefly as follows (Fig. 1) : 


1. Camper plane: a line extending from the lower border of the alae of the 
nose to the center of the external auditory meatus. 
2. Eye-ear plane: a line passing from orbitale to the center of the external 
auditory meatus ; analogous to Frankfort plane. 
3. Facial plane: a line connecting nasion with pogonion. 
4. Gnathion: the lowest most anterior point on the symphysis of the mandible. 
5. Mandibular plane: a line drawn tangent to the body of the mandible along 
the inferior border, passing through the menton. 
6. Nasion: the nasofrontal suture. 
7. Nasion line: a line extending inferiorly from the nasion parallel to the 
orbital plane. 
8. Anterior nasal spine: the bony process of the maxilla forming the most an- 
terior projection of the floor of the nasal cavity. 
9. Occlusal plane: the line representing a plane of occlusion drawn tangent to 
the cusps of the maxillary second bicuspid and first molars. 
10. Orbitale : the lowest point on the inferior border of the bony orbit. 
11. Orbital plane: a line passing from orbitale at right angles to the eye-ear 
plane. 


For purposes of comparison, angles rather than linear measurements are used, 
since angles may be compared directly in individuals of different sizes without need 
of an index. The angles formed for study are as follows: 


1. Camper facial angle: the angle formed by intersection of Camper’s line and 
the facial plane. 

2. Mandibular angle: the angle formed by the mandibular plane and a line 
drawn tangent to the distal border of the ramus and the condyle. 

3. Mandibular eye-ear plane angle: an angle formed by intersection of the 
mandibular plane with the eye-ear plane. 

4. Occluso-Camper angle: an angle formed by the occlusal plane meeting the 
Camper plane. 

5. Occluso-eye-ear angle: an angle formed by the occlusal plane crossing 

the eye-ear plane. 
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6. Occluso-facial angle: the angle formed by the occlusal plane and the facial 
plane. 
7. Occluso-mandibular angle: the angle formed by the occlusal plane inter- 
secting the mandibular plane. 














MAXILLARY PROTRACTION 
Pig. i. Fig. 2. 


Fig. 1.—A, craniometric profile with the soft tissue outline showing linear projections used: 
in forming angles for analysis of all facial types. A, alae of nose; CP, Camper plane; EB, 
orbital plane; EE, eye-ear plane; FF, facial plane; MM, mandibular plane; N, nasion; NL, nasion 
line; OO, occlusal plane; RR, rami plane; S, anterior nasal spine. 

Short broken lines represent the Sorenson Profile Scale intaglio contacting nasion and 
chin. The chin section shows the bisecting of the angle indicating the gnathion point and 
forming the latitude scale; when the orbital plane, HB, approaches the gnathion, the plus 
or minus 2 mm. differential determines the norm, retraction or protraction of the mandible. 


Fig. 2.—The anterior nasal spine is forward of the nasion line; all other landmarks are 
normal. 


The system proposed by Simon contains five major groups; for our use, we 
shall be concerned with the first three, namely, norm, protraction, and retraction, in- 
asmuch as they are concerned with anteroposterior deviations." 
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The norm is a straight profile with the orbital plane passing through the gna- 
thion, the anterior nasal spine lying between the orbital plane and the nasion line. 

The maxillary protraction exists when the anterior nasal spine lies forward of 
the nasion line, all other landmarks being normal (Fig. 2). A mandibular protrac- 
tion exists when the gnathion lies anterior to the orbital plane as delineated by the 
Sorenson scale, all other landmarks being normal (Fig. 3). A bimaxillary protrac- 
tion exists when the anterior nasal spine lies forward of the nasion line and the gna- 
thion line lies anterior to the orbital plane, all other landmarks being normal 
(Fig. 4). 








>. 











~— 


MANDIBULAR PROTRACTION BI-MAXIILLARY PROTRACTION 
Fig. 3. Fig. 4. 


Fig. 3.—The gnathion point lies anterior to the orbital plane; all other landmarks are 
normal. 


Fig. 4.—The anterior nasal spine lies forward of the nasion line and the gnathion lies anterior 
to the orbital plane. 


The maxillary retraction exists when the anterior nasal spine is posterior to the 
orbital plane, other landmarks being normal. A mandibular retraction exists when 
the gnathion is posterior to the orbital plane outlined by the Sorenson scale, other 
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landmarks being normal (Fig. 5). A bimaxillary retraction exists when the anterior 
nasal spine is posterior to the orbital plane, and the gnathion is posterior to the 
orbital plane. 

The system provides a basis for classifying any horizontal deviation in facial 
profile. There are nine possible facial types, the present study having produced 
five. Accordingly, the maxillary protraction with mandibular retraction is found to 
be a reasonably common type (Fig. 6). 
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MAXILLARY PROTRACTION & MANDIBULAR RETRACTION 








MANDIBULAR RETRACTION 
Fig. 5. Fig. 6. 
Fig. 5—The gnathion is posterior to the orbital plane; all other landmarks are normal. 


Fig. 6.—The anterior nasal spine is forward of the nasion line, and the gnathion is posterior 
to the orbital plane. 


FINDINGS 


The two hundred craniometric roentgenograms forming the nucleus of inquiry 
for this theory were initially segregated as to facial types. All subjects recorded are 
in occluded centric position. The distribution and percentages are shown in Table I. 
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TABLE I. CLASSIFICATION OF FACIAL ‘TYPES BY OssEoUS LANDMARKS 


PER CENT 
FACIAL TYPE NO. CASES DISTRIBUTION 
Bimaxillary protraction ° 65 32:5 
Mandibular retraction 51 25.5 
Maxillary protraction and mandibular retraction 34 17.0 
Maxillary protraction 25 125 
25 25 


Mandibular protraction 

Each case is subjected to further investigation under seven descriptive headings 
indicating angle analyses. The results tallied indicate mean values measured to the 
closest degree on the craniograms (Table IT). 


TABLE IJ. MEAN VALUES OF OSSEOUS DIMENSIONS MEASURED ON 200 CASES 

















| MANDIBULAR OCCLUSO | 
OCCLUSO | EYE-EAR | CAMPER | EYE-EAR | OCCLUSO | OCCLUSO |MANDIBULAR 
FACIAL TYPE CAMPER | PLANE | FACIAL | PLANE | MANDIBULAR} FACIAL | ANGLE 
ANGLE | ANGLE | ANGLE | ANGLE | ANGLE | ANGLE | 
Bimaxillary VS 
protraction 7.261 22 .092 75.753 9.384 | 12.784 | 82.600 | 119.679 
Mandibular Vs VS VS | VS | § vs 
retraction 3.235 | 31.960 81.039 15.980 | 15.960 | 84.098 | 123.549 
Maxillary protraction and 0 VS VS | VS | VS | 0 Ss 
mandibular retraction 4.588 29.029 79.235 13.647 | 15.328 83.764 122.088 
Maxillary VS | VS VS | § 0) VS ,] a 
protraction 6.521 26.260 | 78.608 11.260 | 15.217 | 85.173 | 119.782 
Mandibular VS S 0 0 (arts: S 330 
protraction 7.880 | 25.000 76.600 9.800 15.320 | 84.600 | 121.680 


VS—Very significant statistically. 
S—Statistically significant. 
O—No statistical significance. 


Realizing the potential error inherent in pure numerical averages, it is evident 
by first classifying individuals according to bony facial profile that this hazard is 
materially reduced. 

The difference between the average angle considerations of the occluso-Camper 
angle and its five respective facial types is not as great as that found in the mandi- 
bular eye-ear plane angle or the Camper-facial angle columns. Despite such inspec- 
tion, the occluso-Camper angle is the logical entity of concern to us, the rationale 
being that all the landmarks are on the maxilla and are associated directly with the 
dentition. 

Possible lack of spread in mean angular quantities may be attributed to the 
necessity of including certain cases with missing teeth in order to maintain the de- 
sired two hundred total, concomitant with the statistical evaluation of the study. 
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Notwithstanding such dissertation, the occlusal plane in natural dentitions may 
deviate in vertical height in the second molar region as much as 4 mm. Implication 
is that the occlusal plane of a mandibular retraction type is compared with a man- 
dibular protraction type. The difference in Occluso-Camper angulation approaches 
five degrees. 

For statistical appraisal of the thirty-five average measurements listed, we are 
obligated to work with five independent facial types against the seven angles set up 
by the research. Twenty-eight resultant quantities of comparison are therefore 
figured. Of the tweniy-eight, fifteen are found to be very significant, six significant, 
and seven not significant. Abbreviation letters of these terms are shown with their 
statistically significant dimensions.* (See Table IT.) 

Attention is directed to the values showing no correlation by statistical methods 
as being groups with insufficient or minimal samples. Introspection gives further 
basis for this assumption in that facial type groups containing the greatest proportion 
of missing teeth cases are where “no statistical significance” appears (Table III). 
We may, therefore, adopt the view that this lack of correlation should not be con- 
sidered conclusive. 


TABLE III. PrER CENT oF MIssInG TEETH CASES WITHIN EACH FACIAL TyPE GRoUP 


TOTAL NO. CASES WITH] PER CENT WITH 

FACIAL TYPE CASES TEETH MISSING | MISSING TEETH 
Bimaxillary protraction 65 11 17 
Mandibular retraction 51 14 4) 
Maxillary protraction and mandibular retraction 34 15 dt 
Maxillary protraction 25 8 32 
Mandibular protraction 29 12 48 


The mean figures presented herein are shown principally for the correlation 
found to exist between facial types, as classified by the anteroposterior relation of 
maxilla to mandible. This basis is taken because of its conformity to biologic and 
physiologic doctrines. Respect is not lost for the cardinal fact that in prosthetic pro- 
cedures we are concerned with individuals. In consequence, the extremes of the 
occluso-Camper angle for the various facial types are given. In the bimaxillary pro- 
traction cases, the angle formed with its apex to the anterior of the profile ranges 
irom 2 degrees to 14 degrees; one case has a 4-degree angle, with the apex located 
posterior to the profile ; one case shows itself as having the occlusal plane parallel to 
the Camper plane. Mandibular retraction cases present the apex of the angle lo- 
cated anteriorly ranging from 1 degree to 12 degrees; eight cases have the apex lo- 
cated in the occipit region with ranges in value from 1 degree to 5 degrees ; five cases 

*Mean values showing “Very Significant” abbreviations signify that the difference between 
two means is sufficiently large that it could arise through chance and chance alone only once in 
a hundred times. One facial type is compared with another, under the same angle heading. 

“Significant” abbreviations indicate that the difference between two means is sufficient in 
magnitude that it could arise through chance only once in twenty times. 


Values without abbreviations are used as a basis in computing the significance of differ- 
ence between two means. 
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have parrallelism of the occluso-Camper planes. Maxillary protraction with mandi- 
bular retraction shows apices anterior reaching from 1 degree to 11 degrees; the 
apex is located in the occipit region in two cases, both with 2-degree angles. In 
the maxillary protraction group, all apices of angles located anterior to the profile 
span from 1 degree to 13 degrees. Mandibular protraction types show all angles an- 
terior to the profile reaching from 3 to 14 degrees (Fig. 7). 


In keeping with the mathematical thought the mode value for each facial type 
is given. The relatively close numerical agreement of mean values (Table II) for 
the occluso-Camper angle and the mode values (Table IV) re-enforces the practical 
evaluation of the problem. 


TABLE IV 


MODE ANGLE IN DEGREES WITH 
FACIAL TYPE APEX ANTERIOR TO THE PROFILE 


Bimaxillary protraction 

Mandibular retraction 

Maxillary protraction and mandibular retraction 
Maxillary protraction 

Mandibular protraction 


Oui w & oo 


The thought of resolving the calculations to the point of being a clinical aid 
prompted the task of evaluating facial types by palpating the nasion and gnathion 
landmarks, the subnasion being taken entirely as a surface soft tissue location at 
the point of junction between the nasal septum and the upper lip. This approach 
produced the marked change in facial type classification shown (Table V) 


. 
/ 


The variable of soft tissue thickness overlying corresponding bony points is 
attended with further complexity. 


TABLE V. CLASSIFICATION OF FACIAL Types BY HARD AND Sort ‘TissuE LANDMARKS 


PER CENT 
FACIAL TYPE | NO. CASES | DISTRIBUTION 
| | 
| 
| 
Bimaxillary protraction 90 | 45.0 
Mandibular retraction a 
Maxillary protraction and mandibular retraction 71 39.5 
Maxillary protraction 39 19.5 





Mandibular protraction aaa a 
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A B 
C 
E 


Fig. 7.—Diagrams of facial types showing the extremes of occlusal plane location; filled-in 
areas indicate this range. Lines 00 indicate the mode location of the occlusal plane in reference 
to Camper plane. 

A, Bimaxillary protraction; B, mandibular retraction; C, maxillary protraction with mandi- 
bular retraction; D, maxillary protraction; EZ, mandibular protraction. 
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TABLE VI. MEAN VALUES OF HARD AND SOFT TISSUE DIMENSIONS MEASURED ON 200 CASES 
| | | | 
| | MANDIBULAR | OCCLUSO | 
| OCCLUSO | EYE-EAR CAMPER | EYE-EAR OCCLUSO | OCCLUSO |MANDIBULAR 
FACIAL TYPE | CAMPER | PLANE FACIAL PLANE |MANDIBULAR| FACIAL ANGLE 
| ANGLE | ANGLE ANGLE ANGLE ANGLE ANGLE 
ae ee ee | BA | Re NEN aioe aaa 
| | | | 
Bimaxillary protraction | ; 4 22 7% 9 | 13 83 | 120 
| | | | 
. : | | | | 
Mandibular retraction | ~ | _ — | — | — — | —— 
a nae | } sei 
Maxillary protraction and | :- 4 31 | sos 6 | 15 | 83 =| = 128 
mandibular retraction | | | | | 
| = * | | z | 
Maxillary protraction | 6 260 79 11 | I |) 685 CU] 9 











Mandibular protraction -- — — | — — | _—- |; — 


The delineation of facial types according to hard and soft tissue landmarks re- 
veals mean values which prove to be of comparative interest (Table VI). 


ADDENDUM 


Gross examination of stone casts of the respective types revealed the position 
of the anterior teeth relative to the occlusal plane in three groupings (Table VII). 


TABLE VI 


| | 
NO. ANTERIOR TEETH|NO. ANTERIOR TEETH|NO. ANTERIOR TEETH 


FACIAL TYPES BY OSSEOUS | SUPERIOR TO. | ON OCCLUSAL | INFERIOR TO 
CLASSIFICATION OCCLUSAL PLANE | PLANE AND | OCCLUSAL PLANE 
AND PER CENT PER CENT | AND PER CENT 
Bimaxillary protraction 21 (32%) 25 (39%) 19 (29%) 
Mandibular retraction 28 (55%) 12 (23%) 11 (22%) 
Mandibular protraction and 
maxillary retraction 15 (44%) 12 (35%) i (21%) 
Maxillary protraction 11 (44%) 6 (24%) 8 (32%) 
Mandibular protraction 12 (48%) 8 (32%) 5 (20%) 


Close inspection of the head films with the teeth in centric occlusion showed two 
tongue positions. The anterior one-third of the tongue appeared in contact with the 
rugae portion of the hard palate, or as resting on the floor of the oral cavity (Table 


VITT). 
TABLE VIII 





| 
| 
| 
| 
| 





| 
| 
TONGUE IN CONTACT | TONGUE ON FLOOR 
FACIAL TYPE BY OSSEOUS CLASSIFICATION | WITH HARD PALATE | OF ORAL CAVITY 
| | 
SRR EEE | ee 
Bimaxillary protraction 42 (65%) | 23 (35%) 
Mandibular retraction 27 (53%) 24 (47%) 
Maxillary protraction and mandibular retraction 22 (65%) 12 (35%) 
Maxillary protraction | 14 (56%) 11 (44%) 
Mandibular protraction 13 (52%) 12 (48%) 
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SUMMARY 


1. The historical background revealed by checking literature dating from 1839 
to the present on the problem of orienting the occlusal plane of artificial dentures 
shows slight agreement in concept. 

2. Two hundred lateral cranial roentgen ray projections of senior dental stu- 
dents were studied to determine whether or not a correlation exists between facial 
type and occlusal plane location of natural dentitions. The Broadbent-Bolton Ceph- 
alostat and other well-established methods were used in the study. 

3. Extensive biologic and physiologic experiments have established the func- 
tional relationship of muscle tissue to osseous and dental tissues, muscle tissue ap- 
pearing to hold sway over the hard tissues. 

4. Classifying maxillomandibular relations by the method proposed by Simon 
limits potential error in the problem. In reality, it indicates the relative direction 
of muscle tension dependent on the location of muscle to bone attachment. 

5. The mean values of the landmarks investigated show definitive character- 
istics. On exposing these findings to statistical evaluation, the majority of results 
bear out’ as being statistically significant in 21 out of 28 values measured. 

6. The study indicates a strong correlation in the location of the occlusal plane 
of natural dentitions to given facial types, in lateral aspect. 

7. Additional data gleaned during the investigation reveal the location of the 
anterior teeth to the occlusal plane according to facial type. The position of the 
tongue to the hard palate with the teeth in centric occlusion is also tallied. 


The author would like to express his gratitude to Dr. George A. Hughes and Dr. Wendell 
L. Wylie for their kind assistance. 
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A MEASURE OF THE POWER OF THE INFRAMANDIBULAR 
MUSCLES 


GEORGE Woop Crapp, D.D.S. 
New Rochelle, N. Y. 


SIMPLE WAY has been found to measure the power of the inframandibular 

muscles. A small platform scale was used. This is the kind of scale we stand 
on to weigh ourselves, and register our weight on a horizontal balancing bar. The 
scale was placed on a higher-than-average bench, and arranged so that the side of 
the platform was at the front edge of the bench, and parallel with it. A seat was 
arranged so that I could sit with my knees under the bench, and with my body and 
head erect and my mouth closed, I could bring the lower margin of the mandible 
flat on the platform of the scale without exerting pressure. 


The teeth were closed in centric occlusion, and the mandible was brought 
onto the platform without pressure. The head was held immovable by pressure on 
both sides through the arms and hands. There was just enough uplift to the pres- 
sure to make sure the head, as a whole, had no part in the movement that was to 
follow. 


The mandible was pulled in a straight opening movement by the inframandib- 
ular muscles. The external pterygoid muscles have no part in this movement. 
The maximum pull, repeated several times, was 40 pounds on the weight bar of 
the scale. 


This measurement may not be minutely accurate, but it throws an interest- 
ing light on these inframandibular muscles we think so little about, and use so 
many thousands of times daily in eating, speaking, inclining the head to read and 
write, to find our way as we go, and to see to tie our shoes. 


105 Lyncrort Roap, 
NEw RocHe te, N. Y. 


Received for publication March 11, 1953. 








FACTORS OF OCCLUSION APPLICABLE TO RESTORATIVE 
DENTISTRY 


Crype H. Scuvuy er, D.D.S. 
New York, N.Y. 


N UNDERSTANDING of the factors controlling the pattern or contours of 
A occluding tooth surfaces is desirable in planning for the maintenance of oral 
health and function. This is equally important whether we are maintaining the 
natural dentition or are supplying a prosthesis for the partially or fully edentulous 
mouth. 

While the muscles of mastication supply the motive power to the mandible, its 
direction of movement while the teeth of- the natural dentition are in contact is 
controlled by the contacting tooth surfaces and guiding factors within the tempo- 
romandibular joints, and not by the muscles. The movable bases of full dentures 
reduce the factor of tooth control. The three main factors of control are: the inci- 
sal guidance, the anterior articulating incline of the glenoid fossae, and the lateral 
incline of the glenoid fossae or Bennett movement. 


INCISAL GUIDANCE 


The incisal guidance justifies our first consideration as having the most pro- 
found influence upon the functional occlusion of posterior teeth, or upon the pattern 
or contour given to posterior occluding tooth surfaces in the planning of an oral re- 
habilitation. The incisal guidance in the normal occlusion is the lingual contours of 
the upper anterior teeth. By its proximity to the posterior teeth, it has a predom- 
inating influence upon posterior tooth function. It predominates also because it is 
definite and unyielding in nature, in contrast to a degree of flexibility in the move- 
ments of the condyles in the glenoid fossae. , 

In the natural dentition, an excessively steep incisal guidance may preclude 
normal eccentric function on the posterior teeth. It may have a definite influence 
upon the movement of the condyles in the glenoid fossae. In fact it may have a 
definite influence upon the contours of the glenoid fossae which may change per- 
ceptibly over a period of time, as the incisal guidance is modified. 

A most favorable distribution of stress of the natural dentition is one in which 
both anterior and posterior teeth make and maintain an equalized functional contact 
in both centric and eccentric maxillo-mandibular relations. This requires a contact 
of the anterior teeth in the centric relation, and a favorable incisal guidance to permit 
or maintain the more favorable distribution of stress in the eccentric positions. 

Read before the American Academy of Restorative Dentistry, Chicago. Ill., Feb. 7, 1953. 

Received for publication, Feb. 20, 1953, revised by the author May 27, 1953. 
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This favorable incisal guidance should be the primary objective of the orthodontist, 
the periodontist, and those practicing restorative dentistry. 

An excessively steep incisal guidance either precludes normal functional con- 
tact of posterior teeth, or requires excessively steep posterior tooth inclines which 
may place an undesirable lateral stress upon their alveolar support, oftentimes in 
excess of physiologic tolerance. 

A large percentage of the students of occlusion agree that a steep incisal 
guidance is contraindicated in the natural dentition, and endeavor to avoid the use 
of steep incisal guidance in all forms of oral rehabilitation. Another school of 
thought, with a more limited following expresses little fear of the steep incisal guid- 
ance and the steep posterior tooth inclines associated with it. We have been told 
by them that any material change of the incisal guidance and the posterior tooth in- 
clines, which would necessarily be involved, introduces abnormal function or move- 
ments of the condyles in the glenoid fossae, and is therefore contraindicated. While 
a steep incisal guidance may necessitate a restricted movement, or cause a pathologic 
movement of the condyles in the fossae (which may be materially improved by a 
reduced steepness of the incisal guidance), I can see no logic in the claim that the 
function of the joint may be impaired by a reduction of the steepness of the incisal 
guidance. : 

The esthetics factor may limit the reduction or the desired change in steepness 
of the incisal guidance. In the rehabilitation of a patient’s occlusion, the reduction 
of the incisal guidance from an undesirable 60 degrees or more, to 30 or even 20 de- 
grees is not often impossible to accomplish. This may be made possible by a slight 
opening of the maxillo-mandibular relationship where indicated, or by a reduction 
in length of the lower anterior teeth, and in some instances where esthetics permit, 
a reduction of the length of the upper incisors. 

Centric maxillo-mandibular relationship, the degree of vertical opening, and 
the desired or favorable changes of the anterior teeth to comply with the esthetic 
demands should be our first step in oral rehabilitation. Automatically, this enables 
us to establish the desired incisal guidance for the patient (Fig. 1). The incisal 
guidance then controls the necessary steepness of all posterior tooth inclines. Many 
men have advocated the rebuilding of all posterior teeth as the first step in oral re- 
habilitation. May I ask what factors have influenced their selection of the posterior 
cusp steepness? If posterior cusp inclines then influenced incisal guidance, what 
influence might an undesirable incisal guidance have upon anterior tooth function 
and esthetics ? 

The contour of incisal guidance will be also the primary factor controlling 
the contour of occluding posterior tooth surfaces. We have been told that 
occluding contours of posterior teeth must be convex, that such surfaces are 
most efficient, and that they materially reduce occlusal trauma. This I do not 
believe. The convex cusp forms present as definite a locked occlusal relationship 
as do nonconvex forms, and in most instances, a reduction of the convexity 
reduces the steepness nearest the static centric position, and thus reduces the 
severity of the lock. A degree of convexity of posterior cusp forms will require a 
convex incisal guidance. The lingual surfaces of the upper anterior teeth are nor- 
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Fig. 1.—In complete oral rehabilitation, the planning and establishing of a desirable incisal 
guidance should be the first step in the procedure. After the incisal guidance has been estab- 
lished, the formation of posterior tooth contours to function in harmony with the incisal guid- 
ance is a simple procedure. Esthetics will control the length and position of the upper an- 
terior teeth. Incisal guidance may be changed from C to D by increasing the vertical relation, 
by reducing the length of the lower anterior teeth, and in some instances by reducing the length 
of upper teeth when esthetics permit. 


The incisal guidance is the most important control or posterior occlusal contours. For 
the maximum distribution of stress and functional efficiency, anterior teeth should be in func- 
tional contact in both centric and eccentric positions. If porcelain jacket crowns are not neces- 
sary to restore esthetics of the upper anterior teeth, the lingual surfaces of the upper anterior 
teeth may be rebuilt by the use of pinledge castings to restore the desired contact in centric 
occlusion and to establish the desired incisal guidance. 


Line A represents the Bennett movement; B the anterior incline of the glenoid fossa. They 
influence the posterior occlusal contours. 


If convex posterior occlusal contours are desired, the incisal guidance must be convex. A 
straight plane incisal guidance will produce straight plane occlusal contours of the posterior 
teeth. A convex incisal guidance will produce convex occlusal contours of posterior teeth. 
After the incisal guidance has been established, posterior teeth are prepared. The illustration 
shows crown preparations. Cutting edge F is established on the lower buccal cusps at the height 
and position desired for the central fossae of the upper teeth. A small round wire or any 
type of anteroposterior cutting edge may be waxed into position. Soft wax is placed on the 
occlusal surface of the upper tooth. A right lateral movement with the anterior teeth following 
the incisal guidance D will shear incline G on the upper teeth. A left lateral movement follow- 
ing the incisal guidance E will shear incline 7 on the upper teeth. The buccal and the lingual 
contours of the upper teeth are completed as desired. Wax is then placed upon the occlusal 
surfaces of the lower teeth, the occlusion is closed, and right and left lateral movements will 
complete the lateral occlusal contour of the lower teeth. Supplementary fissures may be added 
as desired to increase the cutting and functional efficiency. 


J represents the incisal guidance of an articulating instrument, the inclines of which may 
be set to correspond to the established incisal guidance. A slight freedom of lateral movement 
in the centric position can be established by the use of a horizontal section in the incisal guidance 
plate at point K. 
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mally concave, not convex. The first degree of wear of the natural dentition elimi- 
nates convexities of occluding posterior tooth surfaces, and straight or concave 
surfaces are soon developed. 


























is 
2 




















Fig. 2.—Steep anterior tooth guidances as found in patients with a deep vertical overlap 
may have an undesirable influence upon the nature and direction of the Bennett movement. 


A shows a premature contact of the cuspid teeth in the lateral functional eccentric position. 
With this cuspid contact as a fulcrum, the muscles of mastication would have a tendency to draw 
the condyle upward in the glenoid fossa until contact is made in the molar region. 


B, In the same lateral eccentric functional position, a premature contact of anterior teeth 
will act as a fulcrum on the incline plane of these teeth. The muscles of mastication may cause 
the mandible to be forced to the distal until posterior tooth contact is obtained, thus an occlusal 
anamolie may cause a distal and upward Bennett movement that is undesirable or pathologic 
in nature which would change perceptibly with a favorable reduction of the anterior tooth 
guidances. 


THE BENNETT MOVEMENT 


Next let us consider the Bennett movement and its influence upon posterior 
tooth contour. First, I wish to state that an undesirably steep incisal guidance, 
ie., a locked relationship of the anterior teeth restricting lateral functional con- 
tact of posterior teeth, may influence or induce a distal and vertical Bennett move- 
ment (Fig. 2). This direction of movement may be undesirable or pathologic, and 














J. Pros. Den. 
November, 1953 


776 SCHUYLER 


it may be modified materially by normal tissue changes following the elimination of 
the undesirable anterior guidance and the establishing of a favorable posterior 
tooth contact in function. A condyle which has been forced to move to the distal 
and upward, as the posterior teeth are brought into functional contact, may 
function in a more lateral horizontal movement as the incisal guidance is modified. 
In my experience, I have never known an arbitrary horizontal Bennett movement 
as is common to most of our semiadjustable articulating instruments to have 
caused a functional disturbance in the temporomandibular joint. 

The range of the lateral movement of the mandible while the teeth are in 
functional contact is seldom in excess of four millimeters in the incisal region, 
two to three millimeters in the molar region, and probably never in excess of two 
millimeters and most often less than one millimeter in the region of the condyle. 
The Bennett movement might, of course, be in excess of this when the teeth are 
not in functional contact, but we need be concerned only with the movement 
while the teeth are in functional contact. We are dealing with structures that 
possess a degree of resiliency or flexibility. Jankelson' has shown by cinéradiog- 
raphy that the pattern of movement is indefinite. The pattern of movement 
when recorded with a central bearing point might vary much from that when 
food is interposed between the teeth. Kurth’, in speaking of the Bennett move- 
ment in relation to the masticatory stroke, in his analysis of three dimensional 
tracings, said, “The movements of the condyles were so slight that a comparison 
in this region would only confuse the tracing.” 

I do not wish to discredit or discourage the application of the most accurate 
procedures in the practice of dentistry. I do think that theory must be balanced 
by practical application. We must recognize the possibility of error in recording 
direction, when the movement is so limited and when it involves nonrigid 
structures. If accurate records are obtained, are these limited movements in the 
eccentric relations readily transferred to an articulating instrument without possi- 
bility of error? Everyone familiar with the use of adjustable or semiadjustable 
articulating instruments recognizes the fact that movements of one or two milli- 
meters are recorded with a great deal of uncertainty. Any inaccuracy in the 
recording of centric maxillo-mandibular relation precludes accuracy in recording 
or transferring all eccentric positions. We have been led to believe that if an 
axis face-bow has been used in positioning the casts in the instrument, centric 
relation records can be obtained several millimeters open from the desired occlusal 
position. If, in making the centric relation recording, the condyle has been for- 
ward from its normal rest position, the Bennett movement would in all probability 
be recorded as a backward, or a backward and upward movement, because the con- 
dyle would drop back to its normal functional position in the lateral excursion. 
Should we erroneously record a posterior Bennett movement, the lateral inter- 
cuspation would be less readily tolerated than would the lateral intercuspation re- 
sulting from the failure to record such a movement where it might exist. 

The incisal guidance and Bennett movement are the controlling factors to 
posterior tooth functional contours or inclines on the working side. The incisal 
guidance for reasons previously mentioned, is the predominating factor. The an- 
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terior incline of the glenoid fossa has but little if any influence upon contacting 
tooth contours or inclines on the working side in the act of mastication. 


BALANCING SIDE CONTROLS 


The contour of balancing inclines on the nonfunctioning side are controlled 
primarily by the incisal guidance and the anterior incline of the glenoid fossa. 
The incisal guidance again predominates because of its proximity to these teeth. 
The anterior movement of the condyle, due to the range of its movement, can and 
should be’ recorded as a means of obtaining balancing contacts when desired, and 
as a means of avoiding excessive balancing contacts at all times. 


A balancing contact of the posterior teeth in both the protrusive position and 


.on the balancing side are essential to the success of a full prosthesis. In some 


partial restorations they are very desirable. In the natural dentition I fail to see 
the real value of contacts on the nonfunctioning side, as they do not reduce the 
application of stress being applied to the teeth on the working side, and their 
contact’ may be a contributing factor to traumatic injury. 


Excessive or premature contact of balancing cusp inclines must be avoided. 
They are most injurious and destructive in all phases of dentistry. In the full 
denture, it contributes to tissue irritation and tissue changes. In the partial 
denture, it is not only a contributing factor to tissue irritation and ridge resorption, 
but it is a most destructive factor contributing to the premature loss of abutment 
supports. In the natural dentition, it is a most destructive factor contributing 
to the loss of alveolar support of the teeth involved. It is also one of the most 
common contributing factors to temporomandibular joint pathology, lack of 
smoothness in functioning, and clicking of the joint, subluxation, etc. The prema- 
ture contact is a fulcrum causing abnormal movements of the condyle. When 
balancing contacts are found to exist in the natural dentition, they must be scru- 


‘ tinized carefully to avoid the possibility of trauma to the teeth involved, or injury 


to the temporomandibular articulation. The general practitioner, the orthodontist, 
the periodontist, and the prosthodontist should be alert constantly to the potential 
dangers associated with premature balancing contacts. At times, it is extremely 
difficult to differentiate nondestructive contacts from the destructive contacts. In 
treating the natural dentition, the potenial destructive possibilities of excessive 
balancing contacts would seem to be more serious than no contacts on the balanc- 
ing side, or no contacts of the posterior teeth in protrusion. 


THE FACE-BOW 


When casts are being mounted in an articulating instrument for oral recon- 
struction or diagnostic purposes, they should be mounted upon an axis articulator 
with a face-bow, and every effort to reproduce the axis most accurately is com- 
mendable. Bruce Clark is showing a sample procedure for locating the approximate 
axis. The ideal is seldom if ever obtained, and the meticulous use of an axis 
face-bow should lead no one to believe that there is a degree of safety in obtaining 
centric relation records with the jaws separated beyond the normal rest position 
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(Figs. 3to8). The least amount of closure of the mounted casts, from the position 
at which the centric relation record was obtained to the position of occlusal contact, 
minimizes possibilities of error. In endeavoring to locate the axis, no two operators 
will select exactly the same point. Probably no operator could relocate the same 
axis point without the aid of a tatoo mark; therefore we should use the term ap- 
proximate axis, not exact axis. 


Fig. 3. Fig. 4. 
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Fig. 5. Fig. 6. 


Fig. 3—Whether we use an axis face-bow as advocated by McCollum, or the Snow face-bow 
positioned by arbitrary measurements, centric maxillomandibular relation records should be 
obtained at as near the desired occlusal position as possible without cusp contact or interference, 
thus requiring the minimum closure of mounted casts about the axis of the articulating instru- 
ment. 


A, in circle, represents the exact axis. B and C points above and below the axis. The dis- 
tance between J and JI represents the amount of closure in the instrument from the vertical 
position at which the centric relation record was obtained to occlusal contact. Arcs A, B, and 
C are arcs drawn from points A, B. and C. It will be noted that there would be only slight 
separation of the arcs or paths of closure in closing one or two millimeters even though the 
face-bow has been positioned above or below the exact axis. 


Fig. 4——Shows the negligible discrepancy in the are of closure if the face-bow has been 
positioned in front or back of the axis. 


Fig. 5.—Shows the great discrepancy in the are of the closure if the centric relation record 
has been obtained several millimeters open from the normal occlusal contact position and the 
exact axis not obtained. 


Fig. 6.—Shows that even though the exact axis is missed only two or three millimeters, the 
closing of the relation several millimeters would cause more disharmony in centric intercuspa- 
tion than would be produced if the axis was less accurately obtained and the closure limited as 
in Fig. 3. 
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At no time, regardless of the type of face-bow used, is it safe to make centric 
relation records at an opening greater than the rest position of the mandible. 
A patient may be trained to open on an axis for several millimeters. However, 
this may be a strained unnatural opening, and we have no way of determining 
when one or both of the condyles may move from their normal rest position in 
the glenoid fossae. Some authorities on the temporomandibular articulation tell 
us that there is normally a posterior movement of the condyles in the glenoid fossae 
even during a closure from the rest position to the normal occlusal contact. The 


CONDYLE i PROTAVSION 


CONDE IN AEST POSITION 


Fig. 7.—Shows a disharmony of posterior tooth intercuspation that would result if the face- 
bow was positioned below the exact axis as point C in Fig. 5. A slightly forward movement 
of the mandible as tooth contact is made would partially compensate for this error. This 
slightly forward movement of the mandible when tooth contact is made, though undesirable, is 
common in a large percentage of natural dentitions. 

Intercuspation in the lateral movement of the mandible is also important. Similar eccentric 
conditions might be caused by a failure to record a posterior Bennett movement, or by the 
use of an articulating instrument with lateral axis posts too far apart. A slight degree of 
protrusion associated with the lateral movement would compensate for the disharmony. 


4) MEST Conbyle AT REST 








AFIER SETTLING Of DENTURES 


Fig. 8—Shows a disharmony of posterior tooth intercuspation that would result if the 
face-bow was positioned at point B in Fig. 5. This contact of tooth inclines would have a 
tendency to force the mandible into an undesirable retrusive position. A similar disharmony 
in eccentric cuspation would result if an articulating instrument with axis posts too close to- 
gether were used, or if the instrument were set to record an erronerous posterior Bennett move- 
ment. These errors cannot be compensated for by the patient. A similar condition may occur 
due to resorption of the ridges supporting full dentures. A desirable degree of freedom in 
both centric and eccentric positions can be obtained by advancing the mandible a half milli- 
meter after occlusion has first been corrected in the normal centric and eccentric positions, 
and then again correcting to this advanced position. 
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face-bow mounting of casts is essential as an aid in securing proper lateral inter- 
cuspation in function (Fig. 9). The lateral axis of rotation is also a factor in 
obtaining proper intercuspation in lateral eccentric movements. As a safety meas- 
ure, instruments should be set with a slightly excessive lateral movement to give 
a greater degree of freedom of intercuspation in lateral movements. 

We have been told that the face-bow as advocated by Snow is valueless. 
Careful use of it would seem to accomplish at least 90 per cent of the require- 
ments. An effort to reproduce most accurately the axis is commendable. 
































Fig. 9.—If a face-bow is not used in positioning the cast in an axis articulating instrument, 
the casts may be rotated laterally in the instrument, this would materially influence the coor- 
dination of intercuspation in eccentric functional movements. Each cusp transcribes a Gothic 
arch upon the opposing tooth in function, and may make functional contact anywhere within 
the borders of the arch. The arches transcribed by the cusps in the instrument should corre- 
spond to those transcribed in the mouth. The lateral rotational axis is an important factor in 
these eccentric movements. An equilibration of the steepness and the smoothness of all eccentric 
grinding inclines is imperative in the distribution of eccentric stresses. (Courtesy of the New 
York State Dental Journal). 


In summing up all of these factors, it would seem that in oral rehabilitation 
of the natural dentition, occlusions, both centric and eccentric, must be carefully 
checked, and minor discrepancies corrected by spot grinding in the mouth, regard- 
less of the articulating instrument used in laboratory procedures. Even though the 
difficult problems of accurately positioning all dies in the cast might be overcome, 

















es FACTORS OF OCCLUSION APPLICABLE TO RESTORATIVE DENTISTRY 781 
and even though castings have been fitted accurately to the teeth prior to cementa- 
tion, the most painstaking and accurate procedures in cementation could not elimi- 
nate the possibility of slight changes during the insertion of the restorative work, 
and the necessity of careful checking and corrective procedures. All full dentures 
should be mounted upon articulating instruments for the correction of occlusion 
after processing. 


In all types of restorative dentistry, cusps must pass freely and smoothly over 
opposing tooth surfaces while they are in function. Anomalies of occlusion such as 
lack of harmony in tooth inclines, or roughness in function are much more serious 
than minor discrepancies in condylar adjustments of articulating instruments. 


ARTICULATING INSTRUMENTS 





Many of our more simple instruments, such as the Hanau or the Swedish 
Dentatus, if used to their limits of application, meet practical requirements. In the 
past ten years, members of the profession have become more occlusion conscious. 
They have developed, and are continuing to develop a better understanding of the 
factors:controlling occlusion and the fundamental principles in the correction of 
occlusal disharmony. With this understanding, they have developed an apprecia- 
tion of the fact that the use of the most complicated instrument alone does not 
assure satisfactory occlusion of the completed prosthesis, and that the dentist’s, 
understanding of occlusion is of much greater importance than the articulating 
instrument used. 


I would like to correct the fallacy that dentures constructed upon an instru- 
ment other than the Gnathoscope will not even occlude properly in the centric 
maxillo-mandibular relation upon completion. After processing, all dentures, 
whether made upon the Gnathoscope or any other instrument, require occlusal 
correction to overcome premature contacts of the posterior teeth and other dis- 
crepancies which invariably are the result of processing procedures. Dentures 
made upon the Gnathoscope would show no greater or no less degree of accuracy 
in tooth intercuspation in the centric maxillo-mandibular position than would 
similar dentures made upon the Hanau or Gysi articulators, the Hooper duplicator, 
or a barn door hinge, provided the casts have been mounted with the same centric 
relation records, and provided the vertical dimension remained unchanged. The 
accuracy of occlusion in eccentric positions will be influenced by the positioning 
of the casts in the instrument, and by the adjustability of the instrument. Acceptible 
restorative dentistry is the result of knowledge, vision, and dexterity. An instru- 
ment with maximum adjustability is not infallible. It is subject to gross error 
if the operator relies upon the instrument to compensate for his negligible under- 
standing of occlusion. While the use of an articulating instrument with the greatest 
adjustability is commendable, the greatest good to the greatest numbers will result 
not from the universal adoption of such instruments but from the more general 
acquisition of a better understanding of the science dealing with tooth coordina- 
tion in function. 
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TO RELAX PATIENTS AT THE TRY-IN 


A simple and effective method of relaxing a patient to study lip and tongue action during 
jaw relation and try-in sittings is to have them read a well selected poem (Kipling’s “If’). 
While the patient’s mind is so occupied, normal speech patterns can be observed. 


—Earl Pound 





TO AVOID LEGAL ENTANGLEMENTS 


Do not accept a denture patient that owes money to other dentists, or who is dissatisfied 


with previous services rendered without obtaining written evidence from both dentist and 
patient that a satisfactory settlement has been reached. 


—Earl Pound 


























PLANNING AND DESIGNING REMOVABLE PARTIAL DENTURES 





CoLonEL ArtHUR H. ScHMiIpT,* DENTAL Corps, 
Unitep States Arr Force RESERVE 


Lackland Air Force Base, San Antonio, Texas 


HE FIELD of removable partial denture construction presents numerous 

problems that have challenged the ingenuity of some of the finest minds in 
dentistry. Many outstanding men have contributed to progress in this field. On 
the whole, this progress has been empiric rather than scientific. Removable partial 
denture construction does not readily lend itself to scientific methods of study be- 
cause of (a) the infinite variety of patients; (b) their different states of health; 
(c) the multitudinous methods of treatment and construction available; and (d) 
the length of time needed, usually years of periodic observation, before scientific 
conclusions can be drawn. Likewise, there remains the difficulty, if not impossi- 
bility, of obtaining an adequate number of control patients to check the results of 
one method of treatment against those of other methods. Although some scientific 
work has been done on removable partial dentures, this has been the exception. 
When success is measured by the ability to make restorations that function over 
a period of ten or more years, without damage to the remaining teeth and their 
investing tissues, it must be clear that this work is based on practical rather than 
truly scientific method. 

This explains why, with few exceptions, improvement has come through trial 
and error. Although it is impossible to standardize procedures in a manner to fit 
all modifications, certain principles of design are fundamental. If removable partial 
dentures are to be a part of dental health service, much of the confusion now 
existing must be resolved. The student, undergraduate or graduate, is bewildered 
by the multiplicity of attachments, clasps, stress breakers, tooth types, and the 
large number of technical procedures, all of which are claimed by their sponsors 
to be panaceas for some specific type of condition. As a result of this situation, 
most dentists are accepting the removable partial denture as a short intermediate 
step to full dentures, and are delegating the greater part of the problem to the com- 
mercial laboratory. These laboratories, at best, only can provide a solution to part 

Revised from the Armed Forces Medical Journal 1:1465, 1950, 3:1313, 1952, and D. Practi- 
tioner 3:2-7, 47-52, 76-77, 109-110, 1952. 

The opinions or conclusions contained in this article are those of the author, and are not 
to be construed as official or reflecting the views of the United States Air Force or the Air 
Force service at large. 

Received for publication March 5, 1953. 

*Formerly Professor and Chairman of the Prosthetic Department, College of Dentistry, 


University of Nebraska, Lincoln, Neb. Now in charge of the Prosthetic Laboratory, 3700 Medical 
Group, Lackland Air Force Base, Texas. 


783 








eet ia J. Pros. Den. 
784 SCHMIDT November, 1953 


of the engineering side of the problem. All too frequently the appliances designed 
and made by laboratories are more harmiul to the patient than the conditions they 
are supposed to correct. The laboratory technician’s responsibility begins and 
ends with fitting a denture to a master cast made from an impression made by a 
dentist, and articulating the denture according to an occlusal registration furnished 
by the dentist. This limited responsibility does not mean that the laboratory tech- 
nician should have no concern for the interests of his clients. On the contrary, 
he should learn the biologic factors involved in restorative dentistry. 

Many of us interested in the teaching of removable partial denture prosthesis 
have felt the need of a better understanding of the principles involved. Recognizing 
the impossibility of giving a solution for each problem that may arise, we have 
been forced to stress basic principles, which, if applied with judgment based on 
clinical experience, could aid in solving most of the problems commonly encountered. 
It is a human failing to pass lightly over abstract principles and to stress concrete 
details. The basic principles of removable partial denture prosthesis are: 


1. Dentists must have a working knowledge of both the mechanical and the 
biologic factors involved in removable partial denture design and construction. 

2. Any plan of restoration must be based on a complete examination and 
diagnosis of the individual patient. 

3. The dentist, not the technician, should correlate the pertinent factors and 
recommend a proper plan of treatment. 

4. A removable partial denture should restore form and function without in- 
jury to tissue. 

5. A removable partial denture is a form of treatment, not a cure. 


PRINCIPLE 1 


In order that he may render adequate removable partial denture service, the 
dentist must have a knowledge of anatomy, histology, pathology, physiology, and 
biochemistry, as well as a working knowledge of many of the laws of physics and 
engineering, particularly those that apply to levers. He must be familiar with 
dental materials. He should keep abreast of scientific advances in both biologic 
and mechanical aspects of dentistry. The tradesman serves his time as an ap- 
prentice and spends the rest of his life performing that which he has learned. The 
professional man in his college years receives a foundation and the privilege and 
opportunity to continue to learn. Because the student, alone, cannot gain the ex- 
perience that is possible through a constant interchange of ideas in a large group, 
study clubs and professional societies are necessary. More dentists should ally 
themselves with these groups rather than practice dentistry as though it were 
a trade. 


PRINCIPLE 2 


A complete examination and diagnosis must be made before a removable partial 
denture can be designed. It is not sufficient merely to look into a patient’s mouth 
and see that there are missing teeth. An appliance which may render good service 
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for one patient might be contraindicated for another, even though at first glance 
the two may seem to be similar. An examination for a prosthesis must be more com- 
prehensive than that which is generally undertaken. We should know as much 
as possible about the mouth of the patient, and in most cases we should also know 
something of his general health, his bone structure, and his eating and hygienic 
habits. An examination with roentgenograms is necessary for even the most simple 
removable partial denture. Study casts, either mounted or unmounted, are de- 
sirable. Many dentists may think that the time spent making such an examination 
is largely wasted, but such a belief is short sighted and poor economy. One failure 
caused by an improper plan of treatment based on an inadequate examination and 
diagnosis wastes more time than would be used in many hours of consultation and 
examination. 


PRINCIPLE 3 


The dentist should plan the treatment of these patients himself. The technician’s 
function is to make raw materials into a finished removable partial denture. Al- 
though in this phase of the work he frequently becomes more skilled than the dentist 
because of constant technical practice, the fabrication of the appliance is but one ~ 
phase of the problem. The treatment of a patient requires more than a knowledge of 
mechanical factors and technical ability. It is frequently necessary for the dentist 
to institute a preparatory or corrective procedure prior to the construction of a 
restorative appliance. Contours of teeth may require modification, occlusal re- 
lations may require improvements, or surgical procedures may be necessary. The 
patient will accept such corrective procedures with much better grace if he is in- 
formed of the necessity of an adequate examination and diagnosis prior to the con- 
struction of an appliance. As the dentist alone may modify the conditions present 
in the mouth in order to influence the outcome, he, not the technician, should plan 
the treatment. 


PRINCIPLE 4 


A removable partial denture should not injure remaining teeth or adjacent 
structures. It is essential to plan or design the restoration in accordance with bio- 
logic laws governing the reactions of tissue. Sound principles of mechanics must 
also be followed in order that the appliance will function without undue alteration. 
The appliance must be carefully made so that it will go into its place without 
modification of the adjacent structures. The casts used in making removable 
partial dentures must be made from impressions which faithfully record the shape 
of the oral tissues. 

The functions of a removable partial denture are: (a) the restoration and 
preservation of occlusion impaired by loss of teeth; (b) the restoration and preserva- 
tion of occlusion impaired by malposition or remaining teeth; (c) the preservation 
of the remaining teeth and alveolar ridges; and (d) the restoration of a normal or 
desirable facial expression impaired by loss of teeth or closure of the vertical dimen- 
sion. A removable partial denture must be planned and constructed to fulfill these 
essential purposes with a minimum of interference with the tongue or enunciation, 
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and the least possible display of structural materials. The various parts of the base 
must be designed to provide an adequate mechanical counterbalance or resistance to 
the differently directed forces or movements without interfering with any of the 
functions of a removable partial denture. 

Saddles are supporting elements, one of their functions being to resist vertical 
masticatory pressure against the alveolar ridges. These flanges, resting against 
the lingual or labial sides of alveolar ridges, may provide bracing support against 
horizontal, lateral, or anteroposterior displacements. The stress of mastication 
must be resisted by an adequate support. When possible, tooth-borne support 
should be used, otherwise the size of the saddle must be increased in proportion to 
the stress exerted on it. When the size of the saddle cannot be increased suff- 
ciently, the occlusal stress must be reduced in order that a satisfactory relation 
between pressure exerted and ability to resist such pressure is attained. 

Removable partial dentures which depend on mucosa for support must not 
transmit this stress other than in a rootwise vertical direction to the abutment 
teeth. When the denture is displaced because of compression forces occasioned by 
the stress of mastication, torquing strain must not be transmitted into the abutment 
teeth. These strains and stresses must either be minimized or eliminated by 
proper design of the retainer, or some sort of stress-breaking action must be pro- 
vided. Clasps are direct retainers whose function is to prevent the vertical dis- 
lodgment of the denture from its seat. Clasps may also serve as bracing supports 
to prevent the horizontal shifting of the denture or drifting or rotation of the teeth 
engaged by them. Direct retention by clasps is provided only for the ends of the 
saddles to which they are attached. When no anchor teeth are available at the 
other end, some means must be found to hold the saddles in their position against 
the ridges. This can be accomplished by extensions of the base to rest against the 
surfaces of teeth on the opposite side of an axial line between the clasps. Such 
parts of a denture are known as indirect retainers. 

Indirect retention as well as direct retention should be provided in all patients 
with distal extension in order to stabilize the appliance. Major connectors, such as 
palatal, lingual, or labial bars, serve the purpose of joining posterior saddle with 
an anchorage on the side of the arch opposite the saddle. Among these connecting 
elements must be included all the smaller bars and struts that are employed to 
join nearby saddles, or to support or reinforce clasps or indirect retainers. Lingual 
and palatal bars should be so located that they will neither interfere with the com- 
fort nor the speech of the patient. The palatal bar should be located in about the 
same position as the distal border of a complete denture, crossing the palate distal 
to the second molars. 

Independent lateral action of saddles should be prevented. The use of too 
light a lingual or palatal bar allows an independent action of saddles, rotating about 
the ridge crest as a center. The stress of mastication in causing this rotation places 
great pressure on the buccal and lingual borders of the saddle. Soreness in these 
areas may result, and the dentist frequently is forced to trim away the saddle, 
thus reducing the much needed support. Bars joining saddles, and lingual bars 
in particular, must be of sufficient strength to prevent torsion of saddles. Stabiliza- 
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tion is not merely a matter of vertical support and vertical retention. It is a prob- 
lem of anchoring a denture to prevent displacement from its functional position 
by forces that act on it horizontally as well as vertically. 

Tooth rests, sometimes called “stops” or “rest lugs,” are intended to resist 
the movement of a denture by vertical masticatory pressure. In addition to vertical 
support of the denture in its functional position, they also (a) are an important aid 
to the retentive capacity of clasps, by helping to keep the clasp terminals in their 
proper positions; (b) prevent impingement of the cervical edges of clasps against 
the gingival margins of anchor teeth; and (c) prevent the impingement of the 
extremities of saddles against tissues adjacent to the gingival margins. 

Each tooth adjacent to an edentulous area should carry a tooth rest, whether 
it is clasped or not. As direct retainers, clasps secure against vertical displacement 
those parts of a denture to which they are directly attached, and depend for their 
effectiveness on (a) the contours of the crowns of the anchor teeth, or the angles 
at which they lean toward or away from each other, and (b) the physical properties 
of the clasp metal. In order to provide retention, one or both of the terminals or 
arms of a clasp must be elastic enough to spread open and pass the opposing pro- . 
jections created by contours of the anchor teeth and then close about the undercut. 
This spreading is greatest at the free ends or terminals and gradually diminishes 
to nothing where the clasp is joined to the base of the denture. To locate these 
undercuts and determine the most favorable areas for retention, the master cast 
should be surveyed. Clasp guide lines should be charted with a surveying in- 
strument. The guide line defines the limits of projection on the contour of the 
proposed anchor teeth and indicates the position of retention undercuts. The 
angle of the cast determines the path of insertion of the denture to make it easy to 
seat and remove from the mouth, in a direction parallel to the vertical mandrel 
of the surveyor. 


PRINCIPLE 5 


A removable partial denture is a form of treatment rather than a cure. As 
with any other treatment, it should be planned in accordance with the conditions 
of the particular patient ; it should be individualized and must be modified from time 
to time in order to suit changing conditions. The denture itself is subject to wear 
and breakage. The oral tissues never remain the same but are constantly chang- 
ing, hence the patient must be recalled periodically in order to prevent or rectify 
deleterious changes that may take place. In the construction of a removable partial 
denture, simplicity should be a byword. The simpler the appliance, the less need 
for adjustments and repair. The appliance should be so designed and constructed 
that it may be modified to compensate for changes in the thickness of mucosa or 
alveolar resorption. 

The basis for all successful removable partial dentures is embodied in the 
words—plan—design—and construct. 

Considering the importance of the removable partial denture to the patient 
and to the dentist, it is surprising how many appliances are constructed without 
adequate planning. Thorough planning of the finished appliance before work is 
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started is the secret of success in partial denture prosthesis. The dentist or tech- 
nician needs a blueprint from which to work just as surely as does an engineer. 


THE APPLICATION OF THE PRINCIPLES 


Because the positions of all clasps on the denture are fixed relative to each 
other, they must all seat along the same path of insertion (Fig. 1). As they are 
all designed with the cast set at the same fixed angle to the spindle, a common path 
of insertion is automatically established; the change of tilt reverses the undercut 
areas of the abutment teeth, thereby creating an entirely different clasp indication 


Us && 


Pie. i. 


on each one. 


Reduced to its simplest terms, surveying a tooth is a mechanical method of ob- 
taining its height of contour accurately. The mathematical principle involved is 
easily understood. If a vertical plane is brought into contact with a curved surface 
it will touch at the greatest bulge on the convexity and nowhere else (Fig. 2). 
Should the curved surface be rotated against the vertical plane, a line which repre- 
sents the greatest circumference will result. 


Aine 


Fig. 2. Fig. 3. Fig. 4. 








On a tooth, this line is the height of contour and is the guide line from which 
the correct position of the clasp is determined. 

The location of the all-important height of contour on any abutment is easily 
found with the surveyor. When that location is known, the undercut areas are evi- 
dent. In the preliminary analysis, the abutment tooth is brought into contact with 
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the metal analyzing rod (Fig. 3). The rod will contact the tooth at the greatest 
circumference and nowhere else. 

If the analyzing rod is now replaced with the carbon marker and the tooth ro- 
tated around the marker, a line will be drawn on the tooth, which represents the 
height of contour on that particular tooth (Fig. 4). That is the guide line or the 


survey line. 


Fig. 5. Fig. 6. 


All areas below the guide line, that is, between the line and the gingivia of the 
tooth, are undercut areas (shown by the hatched section on the molar in Fig. 5). 

The nonundercut areas of the tooth are those above the guide line, between it 
and the occlusal surface (Fig. 6.). The position of the clasp on the tooth is deter- 
minded according to the location of these undercut and nonundercut areas. The 
exact location must, of necessity, be known before any planning of the denture can 
be started. 





Fig. 7. 


With various tilts, these lines change their position on the teeth, so that if a 
certain clasp were indicated on a molar because of the particular position of the 
undercut, that same clasp could not be used successfully on the same tooth if the 
tilt were changed, because (Fig. 7) this would cause a different type of undercut. 

In order to understand the basic principles of clasp design, it is necessary to be 
familiar with the essential functions of a clasp. Each clasp of a partial denture must 
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supply a definite amount of support, retention, and bracing action, if the partial den- 
ture is to be successful (Fig. 8). 

This clasp (shown in Fig. 9) provides support because of its occlusal rest at 
the rigid portion of the clasp above the guide line. It is the mechanical function of 
the rest to prevent movement of the partial denture toward the tissue. This func- 
tion is enhanced by well-designed occlusal rests on all abutment teeth. 


SUPPORT BRACING RETENTION 
Fig. 8. 


Bracing is supplied by the rigid body portion of the clasp over the nonundercut 
part of the tooth (Fig. 10). The mechanical function of bracing is to prevent lateral 
shifting or movement of the removable partial denture, and is supplied chiefly by 
the rigid portions of the clasp. 


Retention is provided by the flexible arms or tips engaging an undercut below 
the guide line, which prevents the dislodgment of the removable partial denture 
(Fig. 11). 





Fig. 9. Fig. 10. Fig.. 11. 


It is essential in planning any removable partial denture to consider the sum 
total of support, bracing, and retention, provided by all the clasps on the appliance. 
The denture must be planned as a unit. 


Each section of the clasp has a separate function, yet each function is inter- 
related. An occlusal rest will not provide retention; the flexible tip will not pro- 
vide bracing; nor can the rigid section be used for retention (Fig. 12). 


The cast on the left in Fig. 13 is mounted with its occlusal plane at right angles 
to the vertical spindle. At this tilt, which we will call zero tilt, the relation of the 
vertical lines to the abutment teeth shows that adequate retention for the denture 
could not be obtained. 
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The center cast in Fig. 13 has a posterior tilt, that is, the distal end is down. 
This eliminates the undercut on the mesial side of both abutments, and increases the 
undercut on the distal side. 

The right cast in Fig. 13 has an anterior tilt and shows that the undercut areas 
are shifted to the mesial side of the abutments. 






‘\ 
\ 


“SUPPORT 


Fig. 12. 


By tilting the cast we have been able to vary the location and the amount of 
undercut on each of the abutments. If we can change the position of undercut areas, 
we can change the position of the clasp on the tooth. For example, it may seem de- 
sirable to bring the labial arm of an anterior clasp close to the gingiva for esthetic 
reasons, but, by so doing, an unsatisfactory clasping condition may be created on 
some other abutment tooth. 


Fig. 13. 


In any partial denture, the most efficient clasping condition should be sought. 
But in practice there are many conditions which force us to compromise. Tilting 
the cast is the procedure which enables us to effect this compromise while still mak- 
ing it possible to design the denture as a unit. 

Tilting not only changes the location of undercut areas, but also varies the 
degree of undercut of any tooth. It becomes necessary, therefore, to find an answer 
to the question, “How far below the guide line do you place the tip of a clasp?” 
There can be no universal answer, because of the wide variation in the contour of 
each individual tooth, and because the distance below the line is not the controlling 
factor in the problem. Fig. 14 shows sections of two differently shaped teeth. 

Both are in the same plane at the same tilt and both have the same height of 
contour as indicated by the horizontal dotted lines. These lines represent the guide 
or survey lines. Since the profile of tooth A is quite different from that of tooth B, 
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we can readily see that for the same distance below the guide line the undercut is 
more severe on A than on B. The horizontal distance X is the same on both teeth, 
but on A it is much closer to the guide line than on B. The same amount of under- 
cut is available at X on both teeth (Fig. 14). Thus the horizontal rather than the 
vertical measurement of the distance below the guide line is the deciding factor 
in the placement of the clasp tip. 





Fig. 14. 


In practice, the small dimensions of the teeth make it difficult to determine by 
eye alone whether a particular undercut is sufficient for adequate retention or not. 
For that reason, the Ney Undercut Gages were developed. 

The gages are used, not only in determining the correct amount of undercut on 
any tooth, but also in making the final tilt adjustment on the cast. With the general 
clasp design plan in mind, it is possible to tilt the cast accurately to accommodate the 
clasp of choice for the particular patient. 

Each gage provides an exact and specific amount of horizontal undercut as in- 
dicated by the distance of the rim of the gage head from the shank (Fig. 15). 
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Fig. 15. Fig. 16. 


TYPES OF CLASPS 


The No. 3 or wire clasp resembles the No. 1 clasp in function and design, ex- 
cept that it is made of wrought wire and hence supplies less bracing effect than the 
No. 1 cast clasp, (Fig. 16). 

In the No. 2 or divided-arm clasp, the clasp arms are joined to the saddle and 
are of ample length, thus reducing its bracing effect. 
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In practice, especially in the designing of bilateral dentures, the tooth often pre- 
sents one type of surveyed line on one side and a different type on the other. In 
such instances, it may be desirable to use a combination clasp corresponding to the 
combination of survey lines. The three possible combination clasps from left to 
right are the No. 1-3; No. 1-2; and the No. 3-2 (Fig. 16). 
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Fig. 19. 


It is imperative to check the occlusion carefully before designing occlusal rests. 
If occlusal rests are constructed over unprepared marginal ridges (Fig. 17, B), 
breakage will occur because of the thinning-out of the material where it crosses the 
marginal ridge. Fig. 17, A shows a reduction of the marginal ridge, thus providing 
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a rest of uniform thickness and adequate strength. All ground enamel surfaces must 
be highly polished. All preparations on abutment teeth must be prepared before 
the final impression is made, and all remaining teeth in the mouth must be given a 
thorough prophylaxis before the final impression is secured. In the surveyor sys- 
tem of clasp design, the principal cast clasps are the No. 1 clasp, the No. 2 clasp, and 
the No. 1-2 combination, the back-action clasp, and the ring clasp. 

The No. 1, the No. 2, and the No. 1-2 combination clasps shown diagrammatic- 
ally in Fig. 18 differ from the back-action and the ring in that they provide double 
retention within their own structures. The double bracing is supplied by the two 
clasp arm shoulders, and the double retenton by the two clasp arm tips. 

Because of this fact, these clasps are used successfully on unilateral dentures 
which need not depend on clasps on the opposite side of the arch to augment bracing 
and retention. In such cases the cast can be tilted laterally to create conditions pro- 
viding double bracing and double retention. 

On bilateral cases where the abutments stand straight in the arch in relation to 
each other, so that bracing and retention are obtained both buccally and lingually on 
each individual tooth, the No. 1, the No. 2, or the No. 1-2 combination are the 
ideal clasps. 

When the more frequent condition exists, that is, when the abutments lean lin- 
qually or buccally and show retention on one side only and bracing on the other, 
the back-action and rings (Fig. 19) are ideal. Back-action and ring clasps must 
not and cannot be used on unilateral dentures because they brace the denture against 
lateral movement in one direction only. A clasp must be provided on the other side 
of the arch which will supply the necessary bracing in the opposite direction. 





Fig. 20. 


The No. 1 clasp comprises the three sections necessary for successful clasp 
function—the occlusal rest, the rigid shoulder, and the flexible tip. The survey line 
is low enough on the side next to the edentulous area so that the rigid body of the 
clasp can be placed above it without interfering with the occlusion. The line is 
high enough on the opposite side of the tooth to provide retentive areas for the 
flexible tips. This type of line is a characteristic indication for the No. 1 cast clasp, 
and is called the No. 1 survey line (Fig. 20). 

The amount of undercut which will give satisfactory retention with a No. 1 
clasp is measured with the “.020” undercut gage. 

The finished clasp fits the tooth snugly along its entire length, and its rigid 
shoulders act somewhat like a three-quarter crown, preventing lateral movement of 
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the denture. The rigid section is kept above the survey line, out of the undercut, 
which is the only way the clasp can be seated without either grinding out the inside 
or forcing the abutment out of its normal position in the arch. 

The No. 2 clasp is indicated for abutment teeth where the severest undercut is 
adjacent to the edentulous area and this condition cannot be modified and improved 
by tilting the cast. A typical No. 2 survey line is high on the tooth nearest the 
edentulous area and lower on the opposite side (Fig. 21). Under such circum- 
stances the long flexible arms can be made to curl back into the undercut below the 
occlusal rest and so provide essential retention (Fig. 21). The correct amount of 
retention for a denture using No. 2 clasps will be obtained when the “.020” gage 
is used. 


Fig. 21. 





Fig. 22. 


The No. 1-2 combination clasp is just what the name implies. One half has a 
No. 1 clasp arm and the other a No. 2 (Fig. 22). Molar abutments may be badly 
tilted or rotated and present a No. 1 line on one side of the tooth and a No. 2 clasp 
indication in the other. 

The correct amount of undercut for the No. 1-2 combination is measured with 
the “.020” gage, and this measurement is taken at both tips of the No. 1 and the 
No. 2 arms (Fig. 22). 

The occlusal rest of the No. 1 arm supplies the support. There are two flexible 
tips, one on the No. 1 and one on the No. 2 clasp sections, each engaging an under- 
cut area. Together they provide excellent retention (Fig. 23). A frequent appli- 
cation for this clasp will be found on a molar tooth presenting the undercut con- 
ditions outlined and which will have a tooth replaced behind it. 

The first of the single-bracing and retaining clasps is the back-action clasp 
(Fig. 24). It is always attached to the denture at one end, usually the mesiolingual 
end. The connecting strut must be kept out of an undercut. This clasp has a rigid 
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section close to the connecting strut which supplies the necessary bracing. That 
bracing is in one direction only and therefore, the back-action must be used in con- 
junction with a clasp on the other side of the arch which will brace the denture in 
the other direction. For this reason back-action clasps can only be used on bilateral 
dentures. 


Fig. 23. 





Fig. 24. 


The “.010” gage will show the correct amount of undercut for back-action clasps 
The measurement is taken at the distal and at the mesiobuccal tip position of the 
clasp. 





Fig. 25. 


On occasions, lower bicuspid abutments will have such a pronounced lingual tilt 
as to produce a severe lingual undercut and no buccal undercut. In such cases a 
conventional back-action clasp cannot be used because the rigid lingual body could 
not be kept out of the undercut unless it could be carried over on the occlusal surface. 
An abnormal amount of relief would have to be given the connecting strut to enable 
it to pass the undercut and allow the denture to seat. The solution to the problem 
lies in the use of a reverse back-action clasp (Fig. 25). This clasp is attached to the 
denture at the buccal with a connecting arm to the buccal of the saddle, as indicated 
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by the arrow. The rigid bracing section is on the buccal instead of on the lingual. 
The flexible portion engages both the distal and the lingual undercut for retention. 

In most cases, molar abutments are tilted, lower molars usually leaning lingually 
and upper molars buccally. This creates a condition which places all the undercut 
areas on one side of the tooth with no undercut for retention on the other side 
(Fig. 26). The clasp to use in such a situation is the ring clasp (Fig. 26). It 
should be used on any molar abutment which will not have a tooth replaced behind 
it. On bilateral dentures, all tooth-supported dentures which have two posterior 
clasps, one or both being ring clasps, the correct amount of undercut is measured 
with the “.020” gage. If the denture is tooth-supported on one side and a free- 
end on the other end, the clasp on the posterior abutment is a ring, the undercut is 
measured with the “.030” gage. 





CONSTRUCTING AN UPPER REMOVABLE PARTIAL DENTURE 


A back-action clasp is indicated on the right first bicuspid and a back-action 
clasp on the left cuspid (Fig. 27). An anterior and posterior bar are used for this 
double free end saddle denture. With the mandrel in the tool holder of the surveyor, 
adjust the table and cast to a posterior tilt, checking with the mandrel to obtain an 
undercut on the distal of both abutment teeth, and at the retentive or extreme end 
of the clasp location (Fig. 27). This may be termed the preliminary survey. 
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Without changing the tilt, the “.010” undercut gage is placed in the tool 
holder, and the gage is placed in contact with the first bicuspid to see if the required 
undercut is obtained (Fig. 28). It may be necessary to change the tilt of the 
cast in order to obtain adequate retention, or to reduce the amount of undercut 





Fig. 28. 





Fig. 29. 


on the bicuspid, and then recheck the relation on the cuspid. When the correct tilt 
is determined, and with the vertical shank of the undercut gage in contact with 
the tooth, and the gage head contacting the tooth in the distal undercut, a light 
pencil line is made at the gage head contact. 
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The undercut gage is now removed, and the carbon marker is placed in the 
tool holder. Note the shape of the carbon marker in Fig. 29. The beveled end is 
used to outline the anterior end of the saddle next to the abutment tooth. With 
the carbon marker lightly contacting the tooth, the spindle is raised and lowered, 
creating the survey line on the tooth surface and the mark made by the sharp edge 
of the carbon on the ridge. The dotted line on the tooth, which designates the 
gingival outline of the finished clasp, was made with the undercut gage in position. 


Fig. 30. 





Fig. 31. 


The top line on the tooth shown in Fig. 30 is the guide or survey line; the 
center line is the position for the gingival outline of the finished clasp; and the 
bottom line is the base undercut line. The back-action clasp is connected to the 
bar from its lingual arm, and because there is no truss arm at the distal of the tooth, 
base material will fill the space between the saddle edge and the tooth. Use a thin 
knife blade and cut a groove on the base line over the ridge. This groove will pro- 
duce an embossed line on the inside of the finished denture, designating the end 
of the saddle. A cut from this line to the inside of the clasp, with a fissure bur, 
will remove the material, so that the partial denture can be inserted following the 
path of insertion established when surveying the cast. The space between the top 
line and the bottom line is the undercut area and, when placing the undercut wax 
on the tooth, the wax must not be allowed to extend beyond the gingival clasp line, 
or middle line. The thickness of this ledge of wax at the middle line is determined 
by a plane between the top line and the bottom line. 

The ledge or shelf of undercut wax, when reproduced in a refractory cast, 
affords a distinct seat for placing the clasp wax form (Fig. 31). This denture is 
to be constructed with a posterior and an anterior bar. Thus the lingual surfaces 
of the anterior teeth must be surveyed to eliminate any undercuts that might in- 
terfere with the seating of the denture. The bar will also function as an indirect 
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retainer, therefore the gingival crevice around the lingual of each tooth must be 
filled in with undercut wax, to protect the free margin of the gum from irritation 
as the bar crosses over onto the lingual surfaces of the teeth. 


Fig. 32. Fig. 33. 





Fig. 34. Fig. 35. 


The cast is placed in warm water for forty-five minutes, then placed in a dupli- 
cating ring and poured up in hydrocolloid. When the hydrocolloid material has 
thoroughly cooled, the ring is separated, and the refractory cast is poured with a 
good casting investment (Fig. 32). The wax ledges previously prepared on the 
master cast are reproduced on the investment cast, and clearly indicate the position 
of each clasp (Fig. 32). Before proceeding with the wax-up, the refractory cast 
should be soaked in hot beeswax to produce a tacky surface to which wax will stick 
readily, and to help eliminate roughness on the cast side of the casting. The cast 
should first be dried at 200° to 250° F. for two minutes, and then immersed in 
hot beeswax at 300° F. for one minute. 

For a gold casting, Ney’s large back-action wax forms are used for both 
abutment teeth. The anterior bar is made of two sheets of Kerr casting wax, 30 
gauge. The posterior bar is the regular palatal wax bar form placed at the same 
outline as the posterior border of a full upper denture. Retention for the base 
material may be added in various ways. The wax pattern is given a glossy finish, 
sprues are attached, and the pattern is invested and cast (Fig. 33). 

The gold casting should be checked on the master cast to determine the correct 
path of insertion and the correct fit of the casting before it is inserted in the mouth 




















Xolume 3" PLANNING AND DESIGNING REMOVABLE PARTIAL DENTURES 801 
(Fig. 34). After careful examination in the mouth as to insertion, fit, and oc- 
clusion on occlusal rests, the various records are obtained and the casts are mounted 
on the articulator for final completion. 

The wax pattern in Fig. 35 is for the same patient, but it is waxed up for the 
casting of a Ticonium framework. Jelenko preformed plastic patterns are used 
for the clasps and posterior bar. The anterior bar is a thickness of 28-gauge Kerr’s 
casting wax. All patterns are securely sealed to the cast with Kerr’s blue casting 
wax. 

The Ticonium casting is placed on the cast to check the fit of all parts to their 
correct position, before the casting is inserted in the mouth (Fig 36). 


Fig. 36. Fig. 37. 





Fig. 38. Fig. 39. 


CONSTRUCTING A LOWER REMOVABLE PARTIAL DENTURE 


The procedures used to illustrate the construction of a lower removable partial 
denture are those used for a 55-year-old man in good physical health. He had 
never acquired his lower second or third molars. The right abutment tooth had 
a large gold occlusal restoration, and from the roentgenograms, the dense cortical 
bone and the periodontal tissues appeared to be normal. The abutment tooth on 
the left side had a large distocclusal gold inlay restoring the lingual cusp. The tooth 
and surrounding structures were healthy. 

The cast (Fig. 37) is attached to the tilting top of the survey table, and the 
abutment teeth and involved tissue are “analyzed” by bringing them into contact 
with the analyzing rod. The cast is tilted experimentally at various angles, and 
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the resulting undercuts tested with the analyzing rod each time. The tilt that 
is ideal for clasping one of the abutments may make it impossible to clasp the other 
satisfactorily. Reverse back-action clasps are indicated for this denture, because the 
bicuspid abutments incline lingually, presenting very little undercut on the buccal 
surface of either tooth. 


Fig. 40. Fig. 41. 





Fig. 42. Fig. 43. 


The tilt is decreased until a “.010” horizontal undercut is obtained with as much 
tooth covered on the distal as possible. A mark is made where the gage head con- 
tacts the tooth. The gage is removed, the carbon marker is put in the tool holder, 
and the spindle is raised and lowered—keeping the carbon against the tooth and 
marking the survey line with the side of the carbon and the-.base line with the 
sharp edge of the carbon marker. 

Fig. 38 shows the right first bicuspid with the top or survey line, the center or 
gingival clasp line around the distal of the tooth, and the base undercut line across 
the ridge distal to the abutment tooth, and the undercut area present on the buccal 
surface of the stone cast. 

Fig. 39 shows a lingual view of the cast with the three lines on the distal 
surface of the abutment teeth. A slight undercut is marked out on the mesiolingual 
surface of the left first bicuspid and cuspid, and an undercut area is shown above 
the anterior floor of the mouth. 

The outline of the saddles, bar, and clasps are drawn in accordance with the 
survey lines obtained (Fig. 40). Undercut wax is applied to each abutment tooth 
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to establish the clasp seat, and to establish a seat for the connecting arm from the 
mesiobuccal clasp end to the saddle. 

A lingual bar wax form is placed in correct position on the stone cast and out- 
lined with a pencil. The base outline indicated the placing of the undercut wax in 
the forming of a slight shelf for the correct positioning of the wax bar on the in- 
vestment cast. The gingival crevice is filled around the lingual of all anterior 
teeth and any undesirable undercuts are filled in (Fig. 41). 


Fig. 44. 





Fig. 45. 


The master cast is now duplicated in a refractory investment, and the refrac- 
tory cast is treated with the beeswax bath. (This is the technique for making 
a removable partial denture of metal and porcelain.) Two thicknesses of 30- 
gauge wax are placed over the saddle areas, and each tube tooth is ground to fit 
the ridge and undercut waxing (Fig. 42). After all the teeth are placed and checked 
for occlusion and articulation, the occlusal surface of the adjacent teeth is lubricated 
and a plaster core is poured over the top of all teeth involved, forming a matrix that 
will-make it possible later on to position the tube teeth correctly on the investment 
cast. 

A large Ney’s back-action wax form shown at the base of the cast was used 
for the bicuspid abutment (Fig. 43). Adaptation was started at the mesiobuccal 
on the tooth, and after bending it over into its seat, a shaped pencil eraser was used, 
and the form was gently forced against the shelf. The occlusal rest on the distal was 
built up and attached with a small amount of wax and a hot spatula. The 
connecting arm of the reverse back-action clasp was made of half of a large No. 1 
wax form curved to the proper shape. 
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Preliminary to placing the tube tooth, one thickness of 30-gauge wax was 
adapted to the cast and trimmed to the saddle outline. Because the tooth was ground 
with clearance to accommodate two thicknesses of 30-gauge wax, space for the ad- 
ditional thickness which is required for boxing each tooth remained (Fig. 44). The 
boxed tooth is reseated on the occlusal core and carried to place on the refractory 
cast. This eliminated the necessity for mounting the refractory cast on an articu- 
lator to obtain the correct relation. The boxing was sealed to the saddle. If more 
than one tooth is replaced, each tooth should be formed and waxed to the saddle, one 
tooth at a time. A second sheet of wax, to produce the desired thickness of saddle, 
is adapted around the neck of the tooth and to the outline of the saddle. The wax 
bar form is adapted, and two thicknesses of 30-gauge wax extended from the bar 
on the lingual surfaces of the anterior teeth. 





Fig. 46. 


In waxing a case for acrylic saddles, the clasps and bar are placed as in the 
preceding denture, using the retention of the wax lingual bar form. For added re- 
tention of base material and to obtain a neat finish line on the buccal, a wax palatal 
bar form is adapted, and two thicknesses of 30-gauge wax extended from the bar 
tern, provide a sprue, and invest for casting. A convenient and efficient method of 
burnout is to increase the heat gradually over a period of one hour until the sprue 
hole is a dull red, and continue heating at dull-red for at least thirty minutes more. 














Fig. 47. 


Care should be taken to avoid heating the investment above 1300°F. or beyond a 
dull-red, because at higher temperatures the calcium sulphate in the investment 
breaks down and gives off a corrosive gas which is frequently the cause of pits and 
gas blowholes in the casting. Sulfides, which are very difficult to pickle off, are also 
deposited on the surface. 
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The cast waxed for a Ticonium casting (Fig. 46), using the Jelenko preformed 
plastic patterns for the clasps, struts, and retention, and Kerr’s wax form used for 
the bar, with one thickness of Kerr’s 28-gauge sheet wax extended onto the lin- 
gual surfaces of the teeth forming the splint bar. Three 12-gauge sprue wax forms 
connect to the master sprue for upside-down casting. 


Fig. 48. 


Fig. 49. 


Fig. 50. 





Fig. 47 shows, from left to right, the surface produced by successively grind- 
ing with: heatless stone, Carborundum disk, rubber wheel, tripoli, and rouge. In 
finishing, progressively finer grits should be used in each successive step so as to 
eliminate the deep scratches gradually and produce a smooth high polish. The im- 
portance of a high polish cannot be overemphasized. Rough, poorly polished areas 
tend to hold the saliva and cause any solid matter present to be deposited on the 
surface of the metal in much the same manner that film forms on natural teeth. 
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The function of a partial denture is to protect and preserve the remaining 
teeth, as well as to restore the missing teeth. This necessitates designs and attach- 
ments which do not injure those remaining teeth, and which brace them against un- 
favorable forces. The occlusion of partial dentures must be developed to reduce the 
unfavorable forces to a minimum. The denture shown in Fig. 48 has been in use 
for over four years, and has fulfilled the requirements of a good removable partial 
denture. Observe the lingual contour developed in the bar as it follows the contour 
of each anterior tooth. 

The finished gold casting for use with acrylic saddles is shown in Fig. 49. Ob- 
serve (1) the contour and shape of the lingual splint bar, (2) the close relationship 
of the top part of the bar to the lingual surfaces of the teeth, (3) the finish line on 
the lingual bar on the left side, and (4) its position to the distolingual surface of the 
left second bicuspid. 

The finished Ticonium casting on the cast definitely places the clasps in posi- 
tion against the undercut wax shelf (Fig. 50). 

It is essential to reproduce the tooth contour in the splint bar, for comfort 
to the patient and to reduce the bulk of material in the bar casting. 


SUMMARY 


Good removable partial dentures are the results of : 


1. A thorough, general examination of the mouth with roentgenograms. 

2. A thorough prophylaxis, and the treatment of, and removal of all ques- 
tionable teeth. 

3. The repair of all carious lesions. 

4. Obtaining a preliminary impression and study casts and articulating them. 

5. Drawing a tentative design on study casts, preparing occlusal rests and 
teeth by grinding. 

6. Obtaining an accurate impression after all teeth are prepared. 

7. Remembering that the basis for all successful partial dentures is summed 
up in the words plan—design—construct. 


The principles of surveying, the significance of the survey line, the relation 
of the clasp to the survey line, and the opportunity presented by tilting the cast 
to control the location of undercuts are basic factors which will enable the prostho- 
dontist to solve any removable partial denture problem. 


The author expresses appreciation to George A. Hughes, D.D.S. for the basic principles 
of removable partial denture prosthesis. 

I am indeed indebted to many members of the Prosthetic Groups for information and ex- 
periences obtained on the subject. 

The author is also indebted to the Ney Company of Hartford, Conn.; the College of 
Dentistry, University of Nebraska; the Photographic Reproduction Section, and the United 
States Air Force Dental Service for material used in this presentation. 
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PARTIAL DENTURES—RELINING THE SADDLE SUPPORTED 
BY THE MUCOSA AND ALVEOLAR BONE* 


Joun H. Witson, D.D.Sc.** 
Sydney, Australia 


ELINING of the Class II saddle (the mucosa and alveolar element) is probably 

the most neglected aspect of a partial denture service. A frequent clinical ex- 
perience is to find the patient without functional efficiency in this site because of 
“settling” of the denture saddle. At least three causative factors are involved: 


(1) The magnitude and direction of forces of mastication. 
(2) The character of the support available. 
(3) The consideration and treatment given the edentulous area in respect to 


(1) and (2) during the design and construction of the restoration. 

Masticatory efficiency and comfort will be influenced greatly by a wise selection 
of occlusal loading, by making the best use of the available support to sustain the 
loading, and by a proper over-all stabilization of the denture. Some morphologic 
variations in ridge types and their good and bad use are shown in Figs. 1 and 2. 
Malocclusions with adverse effect upon ridge comfort and resorption are seen in 
Figs. 3,4, 5, and 6. These illustrations are not an exhaustive explanation of a very 
large subject involving occlusion and denture stabilization, but they indicate that 
many gross resorptions might have been prevented, had more attention been given 
to the causes. Preventive dentistry has great opportunities in the prosthetic field. 
Such studies as stress and the physiologic tolerance of living tissue, peculiar to 
each mouth, must be most carefully assessed by the dentist when he designs the 
partial denture in accordance with the examination made of the mouth. 

Despite professional use of all present knowledge, resorption beneath a Class II 
saddle occurs, in various degrees, for reasons beyond the scope of this article. For 
clarity, the following thoughts are confined to relining the Class II saddle imme- 
diately after processing, i.e., as a final phase of denture construction. The ideas 
apply also to dentures which, after use, have lost some occlusal contacts that are re- 
coverable by relining. Gross occlusal dysfunctions require a more complex treat- 
ment, perhaps complete reconstruction of the denture, and with this we are not 
concerned. 

Considerable clinical variation occurs in the type of mucosa in Class II saddle 
areas. It may be tense or yielding, thin or thick. Whatever the description, the 
modern impression materials, hydrocolloid or alginate, when properly used will 


Reprinted from the Dental Journal of Australia 24:185-188, 1952. 

*Abstract from a post-graduate course in Partial Denture Construction given at the 
University of Sydney, 1952. 

**Lecturer in Prosthetic Dentistry, University of Sydney. 
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Fig. 1—Ridge and denture base relationships. a, Favorable ridge formation; 0, c, and d, 
some forms of horizontal bone resorption; e, f, g, and h, various degrees of both horizontal and 
vertical resorption; i, correct use of available saddle support and an appropriate occlusal load- 
ing; j, and k, wrong use of support, little resistance to the horizontal and oblique components 
of the forces of mastication. Associated occlusal overloads accelerate resorption; l, advanced re- 
sorption of a ridge, wrongly treated with occlusal overload and marked tooth cusp inclines, ad- 
verse effect upon denture stability and ridge comfort. Result, if patient perseveres, resorption 
is due to tissue trauma; m, broad, flat ridge, best treated with modified cusp or nonanatomic 
tooth forms which reduce the magnitude of oblique forces during mastication, and accompanying 
tissue resorption; n and o, tooth relationships with mandible in left working position. At n, 
resistance to saddle displacement is on the buccal aspect of the ridge. On the balancing side, at 
o, displacement is resisted by the lingual bone. When working and balancing sides are func- 
tionally reversed, so are the pressure areas upon the ridges. 








Fig. 2.—Saddle outline and occlusion. A, On the right side poor use is made of the available 
support. Tissue coverage in the left side is correct. Occlusal loading is controlled by varying 
the number of artificial teeth used and their buccolingual width. The distal area of the 
saddle, A, must be reserved for a secondary stressbearing role. Primary stressbearing is con- 
fined to the premolars and first molar. To use all the available ridge support for primary mas- 
ticatory loading invites gross tissue resorption and challenges denture stability. B illustrates 
the association of large artificial teeth on a small denture base opposed by natural teeth. These 
are the most favorable circumstances for resorption of the supporting tissues. Relining of the 
saddle will not compensate for disregard of some of the major causes of ridge resorption. Even 
with the most thoughtful denture construction, natural teeth opposing a Class II saddle often 
have a relatively poor clinical prognosis. 
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record the mucosa in a state of rest, or nearly so. Because of the fine detail and 
accuracy given by these materials, it is not a disadvantage to accept a rest position of 
the soft tissues. A passive state of mucosa is preferable in an impression tech- 
nique. It is a position of the tissues more within the control of the prosthetist. 
Furthermore, when using a plaster wash on a reduced Class II occlusion rim, a reg- 
istration of centric occlusion is made at zero pressure. Some occlusal errors are 
prevented by a controlling factor that is common to both the impression and regis- 
tration of the occlusion. However, when a denture is processed, and processing 





Fig. 3.—Mechanical replacement of teeth without regard to human anatomy. The laws 
of articulation are of utmost significance because they can determine whether or not the relation 
of the dentures to living tissue is traumatic, or physiologically acceptable. 

Before relining the saddle, correction of an existing malocclusion is an essential. Failure 
to do this will only lead to the need for further relining. 


Fig. 4.—Some occlusal disharmonies of partial denture prosthesis contributing to alveolar 
bone resorption; A, Loss of balanced occlusion in protrusion due to disharmony between cusp 
inclines. All occlusal stress is on the denture. B, All occlusal stress in protrusion is taken by 
the natural teeth whose cusp inclines are greater than those of the artificial teeth selected. 
No increase has been given to the prominence of the compensating curve. 
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errors of the occlusion are corrected, it will be found that the Class II area of the 
denture, constructed for the rest position of the tissues, may be quite unsatisfactory 
when the denture is in function. This happens if the soft tissues have a significant 
range of displacement. Where the tissues are tense and taut and thinly cover the 
underlying bone, there will be little of any clinical evidence of saddle (or tissue) dis- 
placement, whether the occlusal pressure be light or heavy. A simple and convenient 
way of making this test is to insert a thin metal spatula between the teeth when they 
are in centric occlusion. Resistance, or lack of it, to separation of the occlusal con- 
tact by the spatula blade gives some idea of the movement of the tissue beneath the 
denture base. 





Fig. 5.—Occlusal disharmony in left working jaw position: A, artificial cusps that are too 
steep in relation to natural tooth cusp inclines. Traumatic occlusion in the saddle areas pro- 
duces a large horizontal stress component of destructive influence. B, Artificial cusps that are 
too flat result in the loss of occlusal balance and functional efficiency. More and more chewing 
and pressure upon the supporting ridge is necessary to perform a given amount of work, if 
such is ever accomplished. Bone resorption is increased. 


CONTROLLED PRESSURE 


To the question—‘Should all Class II saddles be relined?”, the answer is 
“Yes.” All bases benefit by proper relining under a functional loading, irrespective 
of the degree of tissue displacement. The fact that a saddle may show little visual 
evidence of movement under pressure does not necessarily mean all the relevant area 
of the edentulous ridge is contributing to the support of the saddle. It is highly de- 
sirable that every part of the edentulous area should function in a way befitting its 
qualifications. This reduces the risk of some sites working beyond their stress-bear- 
ing capacity, while others, perhaps better endowed, have no work to do at all. 
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Terms like “functional loading” are used in prosthetic literature with familiarity if 
not with definition. An attempt will be made to interpret these terms which no 
doubt are synonyms. It will be argued that relining has to be postconstructional, in 
the interests of control, and that it is an important part of denture design because 
the Class II saddles should conform to some functional position of the supporting 
tissues. Comfort and efficiency of the partial denture are logical objectives in favor 
of the argument. 


| 





Cc 


Fig. 6.—Some common tooth and ridge relationships favoring tissue resorption: A, In cen- 
tric occlusion, the teeth on the left side are set buccal to the center of the ridges. This causes 
a clockwise rotation of the denture base unless it is prevented by an opposing force created 
elsewhere in the denture-mouth relationship. B, Teeth not over the center of the ridge. Occlusal 
stress is transmitted unnecessarily to the bone supporting the abutment teeth. C, Replacement 
of incisor teeth with an adversely steep incisal guidance. Stress transferred to the periodontal 
structures can be reduced considerably by making a horizontal overlap (e) when arranging 
the teeth. 


Sears’, discussing the relining of full dentures, has emphasized two major prob- 
lems: (1) The preservation of centric occlusion and (2) the control of the adapta- 
tion of the base to the tissues. 

With this there is complete agreement. Relining means some pressure, but 
not indiscriminate pressure upon the supporting structures. A maximum limit to a 
relining pressure upon the soft tissues is that which leaves the occlusal relationships 
undisturbed. Should the yielding tissues be so far displaced as to cause a premature 
occlusal contact upon resuming their position (assuming the retainers are free 
enough to allow for this), then such tissues have been overdisplaced, if not 
traumatized. 

Value must be given also to the other end of the functional range. What con- 
stitutes insufficient displacement of the soft tissue? This is indicated by too much 
movement of the saddle under biting pressure, which results in masticatory ineffici- 
ency, bad effects upon stability, and torsional strains on supporting teeth and denture 
parts. How then is this to be rectified? Again it is controlled pressure, 
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RELINING TECHNIQUE 


As with full denture construction, comparatively little pressure should be ex- 
erted upon the soft displaceable tissue, because this tends to resume its original posi- 
tion when pressure is released. Sluggishly flowing impression materials should 
not be used. It is better to use one of the relining waxes (paint-on method), or a 
mix of oil resin paste of moderate flow upon the denture base after the denture bor- 
ders have been checked for good adaptation. When the wax or oil resin appears to 
have the desired flow, the patient is directed to close gently into centric occlusion. 
Where the tissue contact thins out the impression material so as to disclose parts of 
the denture base, part of the base material is removed to a depth of about a milli- 
meter with a No. 10 round bur. The denture base over a sharp ridge is relieved in 
the same way so that less pressure will be sustained at this site. The pressure areas 
having been relieved, the tissue side of the base is once more filled with wax or an oil 
resin paste of thinner consistency, and light biting pressures are again recorded. 
When the impression material has hardened, a thin spatula is inserted between the 
occlusal surfaces of the teeth on the saddle. If, without opening the centric occlusion 
relationship, the saddle can be displaced just sufficiently to accommodate the thick- 
ness of the spatula (1/32 inch), then such should constitute a workable degree of 
“functional displacement.” A further lining may be required to establsh this posi- 
tion of the denture. The desired position is such that the relining has been insuf- 
ficient to disturb centric occlusion, and yet when the teeth close upon a metal spatula, 
the displacement of the Class II saddle is slight. It has these advantages : 


(1) There is a reduction of leverage or torsional strain upon the abutment 
teeth, the stress-breaker, and other parts of the denture. 


(2) The contact of saddle base with mucosa is not one of maximum tissue dis- 
placement when at rest, and therefore nutritional and physiologic factors 
should not be impaired. The maximum pressure use of the soft tissues is 
intermittent, and such is perhaps as much as can be achieved. The claim 
that intermittent pressures upon the mucosa and alveolar bone are bene- 
ficial has not been the experience of the author. They are, however, de- 
cidedly preferable to constant pressures upon the bone which finally makes 
the adaptations. 


Vague phraseology such as “functional compression” is merely loosely descrip- 
tive, because what it hopes to describe varies from one type of food bolus to an- 
other. When thought is given to the many magnitudes and directions of forces as- 
sociated with mastication, it will be seen that the optimum functional contact of the 
denture base with the tissue can be realized for only one particular pressure, and 
for one particular direction of application. All other relationships are functional 
approximations. However, any limitations to the relining of partial dentures are ex- 
ceeded by the advantages. 
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SURGICAL PREPARATION OF RIDGES 


Surgical preparation of the ridges, when indicated, can reduce the difficulties 
met in a relining technique. Whatever relining method is favored, it should aim 
to achieve support equilibrium between displaceable and nondisplaceable tissue. 
This is a very ambitious if not impossible task when related to functional condi- 
tions which are anything but constant. By the reduction of excessive bony promi- 
nences, and by the excision of flabby, mobile soft tissues, surgical preparation can 
assist greatly in simplifying a relining technique and at the same time promise better 
results. 


Because of the plasticity of bone and its relatively poor tolerance to pressure, 
the relationship between saddle and tissue support is ever changing. And, although 
these changes are slow in some patients and-more rapid in others, there is only one 
safe clinical attitude, and that is to regard the Class II saddle as requiring regular 
dental supervision. The loss of occlusal contacts, the irritation of tissues by lin- 
gual and palatal bars, or peripheral saddle soreness, are all common clinical ex- 
periences. Relining is the usual procedure for recovering lost denture and tissue . 
relationships, if such are not too far advanced to be retrieved by a relining technique. 


A one-time rather prominent feature of prosthetic practice was a sequence of 
postconstructional adjustments to a Class IT sadde, even in the presence of what ap- 
peared a safe occlusal loading and articulation. By a series of reductions, with ul- 
cerations as the guiding signs and comfort as the objective, the denture base was 
either corrected or ruined, and the psychologic damage to the patient’s cooperation 
became difficult to repair. It is imperative, therefore, that the denture base be re- 
lated to a controlled functional state of the supporting tissues. Effective attempts at 
securing functional displacement of the soft tissues would have to record the func- 
tional pressures in: (1) centric occlusion and (2) eccentric occlusion. 





For the latter a “chewing in” method should be adopted with a functional range 
of 2 to 3 mm., provided the patient has the muscular coordination to perform con- 
trolled eccentric movements of the mandible. Only when the tissues have used the 
impression material for their own functional positions will the prognosis for Class 
II saddles be the better for relining. Obviously, relining is but one aspect of the 
problem of functional comfort and efficiency in the Class II denture restoration. 


REFERENCE 


1. Sears, V. H.: Functional Impressions for Rebasing Full Dentures, J.A.D.A. 23:1031-5. 1936. 


DENTAL SCHOOL 
UNIVERSITY OF SYDNEY 
SypNEy, AUSTRALIA 




















THE EFFECT OF TEMPERATURE ON THE 
FLOW OF ALGINATES 


FranK H. NEaton, B.S., D.D.S. 


Veterans Administration Regional Office, Cleveland, Ohio 


LGINATES are classified generally as hydrocolloids. Due to the nature of 

their chemical set, wherein an insoluble calcium alginate is formed, they are 

further classified as irreversible in distinction to the reversible hydrocolloids which 
undergo physical changes as the resultant of thermal variations. 

Plaster of Paris preceded the hydrocolloids as an impression material when it 
was necessary to reproduce undercuts and the variety of contours of soft and hard 
tissues. The change from plaster was due in a large part to the comparative ease of 
manipulation of the reversible hydrocolloids. This same practical advantage is re- 
sponsible for the increasing use of the alginates. 

When plaster was used for an impression, it was inserted into the mouth when, 
in the operator’s opinion, it had reached the desired viscosity. To define this specif- 
ically would be controversial. However, it can be described as being acceptable for 
impressions when it is in that state of viscosity in which it ceases to flow out of 
the impression tray. When plaster was thus placed in the mouth, it progressed 
with increasing viscosity terminating in a definite set. When using the alginates, we 
“assume” this identical progression. This is natural due to the similarity of equip- 
ment and mixing technique. The objective of this study is to ascertain whether 
the alginates, after having been mixed at different temperatures, exhibit progress- 
ively increasing viscosities resulting in a final set, or whether they show decreasing 
viscosities and a measurable flow before the final set. Viscosity, or the degree of 
fluidity of the agar sol is influenced by (1) heat, (2) pH, (3) the presence of 
electrolytes, and (4) agar concentration.’ Heat, as it may apply to nonreversible 
hydrocolloids, will influence viscosity in the degree that it affects the speed of the 
chemical reaction. 


EQUIPMENT 


To evaluate the degree of fluidity of the alginates under conditions approxi- 
mating those of the mouth, the equipment was constructed as shown in Fig. 1. 
It consists of an open end Plexiglas jar placed above a constant temperature water 
bath. The jar, equipped with a thermometer, is attached to a movable support 


Reviewed in the Veterans Administration and published with the approval of the Chief 
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so that its position can be altered to maintain 100 per cent humidity and a tempera- 
ture of 96° F., which was accepted as the approximate temperature of teeth and 
adjacent tissues. The top of the jar is constructed with a removable tray, so that 
the material, after having been mixed and placed in it, can then be inserted into 
the jar and observed under conditions closely resembling those of the mouth. The 
tray is positioned at a 45-degree angle, which permits a study of the flow in one 
direction. 





Fig. 1—The equipment used to evaluate the flow of alginates. 


PROCEDURE 


The alginates studied were purchased at dental supply houses and include Getz 
(material G), Zelex (Z), Coe-loid (C), D. P. (D), and Kalginate (K). The 
contents of the packages were first weighed. They show a fair uniformity for each 
brand, but an occasional variation as high as one gram (8 per cent) was found. 
Since the tests were performed with the contents as purchased, some variables in 
results are anticipated. To standardize the water volume, a pipette was used. 

A gross inspection of the behavior of the alginates after completion of the mix 
shows that they exhibit four different surface forms before the final set. The changes 
are more evident at low temperatures. When the mix is complete and placed in 
the impression tray, it appears first as a dull surface which is static—it will not be 
displaced by its own weight or flow from the tray. This stage is followed quickly 
by the formation of a glossy surface, a smoothing-out of surface irregularities, and 
in some materials a minute bubble formation. The flowing stage is next. The set 
occurs a few seconds after completion of the flow. 

Several mixes were made at the varying temperatures as shown in the graph 
(Fig. 2). Each mix was transferred to the tray and then placed into the jar. This 
sequence is analogous to the practical application in the mouth. Every material 
flowed out of the tray in varying amounts, dependent on the temperature of the mix 
and the brand of alginate. The duration of the flow was recorded. The amount 
of flow was ascertained by weighing the displaced mass. The ratio of the amount 
of flow to total weight is recorded as per cent of flow (Fig. 3). 
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Each material was mixed thoroughly for one minute. One minute was also 


allowed to fill the tray and insert into the jar. 
When a given temperature water is indicated for the mix, the mixing bowl, 


spatula, pipette, and tray were placed in water at the same given temperature to 
standardize the procedure. 
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Fig. 2.—Duration of flow as affected by the temperature of the mix. 
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Fig. 3.—Per cent of flow as affected by the temperature of the mix. 


The graph (Fig. 2) records the duration of flow (in vitro) and the effect 
of different mixing temperatures. The recordings are self-explanatory. Directions 
suggest the use of 70° F. water for mixing. Temperatures above this do not allow 
ample working time except with material G, which appears to exhibit a range of 
adaptability to temperature variations as high as 80° F. Minimal flow accompanies 
maximum temperature. When 70° F. water is used for the mix, with a cool bowl, 
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the flow varies from twenty seconds to one minute, thirty seconds. At 60° F., the 
range is widened from thirty seconds to three minutes, fifteen seconds. Water at 
50° F. is seldom used, but tests show the flow to have a duration as high as four 
minutes, fifteen seconds. 


The graph (Fig. 3), which records the per cent of flow, shows a configuration 
somewhat like Fig. 2. At 70° F. the amount of material that is displaced from its 
original position varies from 21 per cent to 59 per cent. A lower temperature of 
60° F., which is used by some operators, increases the percentage with a range of 
30 per cent to 70 per cent. The temperature of 50° F. shows the maximum per- 
centage of 42 per cent to 79 per cent. 


SUMMARY AND CONCLUSIONS 


It is beyond the scope of this paper to discuss the advantages or disadvantages 
of flow. It is presented as a study of a physical property. An amount of flow 
is necessary to reproduce undercut areas and minute detail. The flow of alginates, 
however, is opposed to the flow of plaster, its predecessor. Plaster was placed in 
the mouth when the flow had practically ceased. Alginates start to flow when they 
are placed in the mouth when they are used as suggested, and in the customary 
manner. 


The flow, as a property of the alginates, may have some effect on the accuracy 
of reproduction of the palatal surface if the impression technique is not adapted to 
restrict, diminish, or confine the flow. It could be of no consequence in lower im- 
pressions because the flow would be into the area to be duplicated. Extensive re- 
search reports’** confirm the accuracy of the alginates for impressions of cavity 
preparations. When used in this manner, the material is locked into the cavity and 
flow is not active. Flow varies with temperature. 
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OPERATIVE PROCEDURES AND THE TOOTH 


GRANT VAN Huysen, D.D.S., and Drexett A. Boyp, D.D.S. 


Indiana University School of Dentistry, Indianapolis, Ind. 


HOUSANDS OF TEETH have been and are being successfully restored by 
dentists who have every right to be proud of their skill and the quality of their 
tools and materials. In spite of this skill and perfection of filling materials, 
there are still instances when filling operations are followed, either immediately 
or sometimes months later, by evidence of pulp injury. The dental profession has 
been trying for many years to determine the cause of such difficulties and thereby 
effect a remedy for these undesirable though infrequent happenings. As Shroff’ 
wrote, “It is fundamental of all such operations that they should leave the tooth 
and the patient in at least as good a state as that in which we found them.” 

This problem, the effect of operative procedures upon the tooth, has several 
times in the past been taken into the laboratory for study. Most of this research 
has considered the problem from the standpoint of the effect of the filling material 
upon the pulp. A few workers have considered the effect of cavity depth upon 
the pulp.”* ‘The effect upon the pulp of heat generated during cavity preparation 
has also been reported.* Orban’ and others have shown that there are pulpal re- 
cessional lines which may be inadvertently opened during cavity preparation. Sili- 
cate cement fillings have, in the past, been held accountable for pulp injury.” Lately, 
acrylic filling materials have also been blamed for pulp injury.’ 

The tooth pulp is of course injured when exposed to mechanical, chemical, 
thermal, or bacterial trauma,’ and there can be no question when one or more of 
these factors are obvious. There are instances, however, where pulp injury occurs 
when the dentist can see no exposure to admit instruments, chemicals, bacteria, 
or irritating filling materials. These injuries have been ascribed to diffusion of 
irritating chemicals from the filling materials through the cavity floor dentin. 
These pulp injuries have also been called closed pulpitis,’ and have been attributed 
to anachoresis,” that is, to bacteria entering the pulp by way of the blood stream. 

The research recorded in this report is a study of the effect of operative pro- 
cedures on the tooth. The material presented is concerned mostly with the effect 
of filling materials and operative procedures upon the teeth of dogs. Several non- 
carious human teeth were also used. 





METHOD 


Young dogs were anesthetized with Nembutal injected intravenously until 
they became unconscious. Oval box-shaped cavities were prepared in the gingival 
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one-third of the buccal surfaces of the dogs’ teeth with a steel bur or airbrasive 
technique. Some of the cavities were left open, some were filled with cement alone, 
and some with a calcium hydroxide base covered with cement. Other cavities were 
filled with amalgam, zinc oxide and eugenol, zinc oxyphosphate cement, acrylic 
resin, or gutta-percha. Pulp exposures were capped with calcium hydroxide paste 
and cement. Five noncarious human teeth had occlusal cavities prepared with either 
a steel bur or airbrasive technique. All of the pulps of these human teeth were de- 
liberately exposed, and all but one was capped with calcium hydroxide which was 
covered with cement. The other human tooth pulp exposure was covered with a 
gold plate and cement. 

The dogs’ teeth were extracted at the end of one week, the human teeth 
at the end of a month. Following the extraction of each tooth, the root end was 
cut off so the pulp would be exposed to the 10 per cent formalin solution used for 
fixation. 

Semiserial* histologic sections were prepared and stained with hematoxylin 
and eosin. The processed histologic sections were examined for inflammation, that 
is, for microscopic evidence of cellular infiltration in the pulpal area nearest the 
odontoblasts whose processes were cut by the cavity preparations. 

In the literature, signs of pulpal inflammation seem to be the most commonly 
used criteria for determining whether operative and filling procedures have injured 
the pulp. There are, of course, some differences of opinion with respect to the de- 
scriptions of pulpal changes following operative procedures in experimental ma- 
terial. Illustrations of pulp injury have included anything from mobilization of 
histiocytes’ to the pulp margin affected by the cavity and filling, to severe necrosis 
of the entire pulp. Plasma-cell as well as polymorphonuclear-cell infiltration has 
been described.” Pulp injury has been described with and without evidence of 
hyperemia. Since very often histologic sections of unaffected teeth show evidence 
of congestion of the numerous vessels, hyperemia cannot be relied upon as an 
indication of early inflammation in the experimental studies. Another pulp change 
associated with tooth injury and operative procedures is histologic evidence of 
disturbance of the regularity of the odontoblastic layer.” This disturbance consists 
of separation of the odontoblasts by empty vacuoles. Since vacuolization can also 
be produced by imperfect fixation in unaffected teeth, one must be careful about the 
real meaning of such changes.” 

In the evaluations made in this study, it was decided to classify as evidence 
of pulp injury those specimens which showed pulpal change, that is, leukocytic in- 
filtration. It was decided that those histologic sections which showed cellular in- 
filtration of the pulp, such as that seen in Fig. 1, would be classified as undesirable 
under the heading “Pulp Reaction.” It is fully realized that in all probability 
many of the pulp reactions listed in the table would have healed had the tooth 
not been removed for histologic sectioning. Some reactions are reversible and 
stimulate the laying down of secondary dentin, others are destructive and bring 


. 


*While sections of the tooth were being cut from the paraffin block, the cut surface was 
watched with a 2X magnifier. The sections stained for observation under the microscope were 
taken from the area in which the cavity floor was observed to be closest to the pulp. 
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about pulpitis. It is not yet clear just where the line can be drawn between a rever- 
sible and a destructive lesion or between actual change and artifact. However, it 
must also be realized that since the intensity of an inflammatory tissue reaction once 
started cannot be controlled, an inflammatory pulp reaction associated with opera- 
tive procedures is undesirable. It is the purpose of this study to try to determine 
the cause and type of pulp reaction associated with operative procedures. Since 
there is no definite information on the subject, the arbitrary line of separation just 
described was used as a device to study the tissues collected in this research. 





Fig. 1.—Shallow unfilled cavity showing cellular infiltration of the pulp margin next to the pulpal 
end of the cut tubules. There is a hematoxyphilic line in the marginal dentin. 


DATA 


Table I lists a number of variables thought to be pertinent to the subject. In 
the first column at the left of the table the accession number of the specimen from 
which the slide was made can be seen. The next column contains the capital letter 
A or B which stands for airbrasive or steel bur techniques, respectively. These 
are, of course, the cutting instruments that were used in the preparation of the 
cavities. The third column shows in millimeters the thickness of dentin between 
the cavity floor and the pulp chamber. This was measured to the nearest 0.01 mm. 
with a calibrated micrometer eyepiece on the microscope. The fourth column shows 
with the use of either a minus or a plus sign whether or not there was a pulp 
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TABLE [ 
ne —_— i 
SLIDE INSTRU- | DENTIN PULP | SLIDE | INSTRU- DENTIN PULP 
NUMBER MENT | THICKNESS | REACTION | NUMBER MENT THICKNESS REACTION 
| 1} | | 
____ Section I. Calcium Hydroxide ananlé "ohana 
| ree 
D-283 | A 0.00 — | 
D-284 | B 0.00 Sep sais ” a * 
D-342 A 0.00 _ = eee ee 
D-463 Bs 0.00 = ng = Silicate 
D-468 A | 0.00 oa a a ie 
G- 12 A | 0.00 ~ ||  G- 62 B 0.80 - 
G- 13 A 0.00 = t Gu @ B 1.00 re 
G- 34 | A 0.00 ++ | | 
G- 38 B 0.00 apes" ae 
G. 43 B 0.00 Lead Section VI. Zinc Oxide and Eugenol 
G- 53 A 0.00 —_ 
G- 31 B 0.03 — G- 24 A 0.00 | st 
D-289 A 0.10 — G- 25 A 0.00 | = 
D-421 B | 0.10 —_ G- 20 B 0.20 | — 
D-286 A 0.60 — G- 14 B 0.20 | — 
D-287 A 0.60 = G- 15 B 0.30 - 
D-290 B 0.60 | — G- 21 B | 0.60 — 
; , ae Soin = G- 68 B | 0.90 - 
Section II. Metallic Filling  Sieties VIL. tealin Powis 
d __Gold Plate or = 
| G- 66 B 0.30; = 
D-367 A | 0.00 — 36 B 0.50 ~~ 
| ss Poe - 
Amalgam | Section — Resin 
ee FE Sag a | Ne I 
D-418 | B 0.30 = 3 | | 
D-464 | B 0.40 os | G10 | A | 0.00 | ++ 
D-419 | \ 0.40 | G- 82 | B | 0.00 +++ 
Sig i 0.50 ie | G18 | B | 0.00 +++ 
G57 | A 0.50 ES | G-22 | A | 0.00 ++ 
] . |}  G- 23 A | 0.00 
D-459 | B 0.70 - | - A | + 
D-470 | A | 0.90 - || G- 26 A | 0.00 + 
| | G 28 A | 0.00 + 
D-473 | A | 1.30 —_ | GC. 90 BO 0:00 1 
a |) ~ G-104 B | 0.00 ++ 
perce catndieeele G- 30 B | 0.05 - 
Section III. Open Cavity ; | wae a | pe: ~ 
| . oo | - 
D-420 B 0.30 | — | a2) & bp 
D-422 B 0.30 _ G- 9 B 0.50 _ 
D-424 A 0.50 — G- 27 B 0.50 = 
} Da / P 
3 B 1.30 a | p-442 B 0.90 + 
D-443 A 140 | — | G& 8 AQ 0'90 es 
D-472 A | | D-444 A 1.00 - 
a D-471 A 1.00 = 
w yy / _ 
Section IV. Zinc Oxyphosphate Cement ee 2 : = = 
| |  D-435 A 1.50 | — 
G 3 B 0.00 | ++++ | 
ee 2 po cig | Sevriton with sealer 
G- 37 B 0.20 | — | | | | 
D-417 B ‘oe. | = | G100 | B | 0.00 +++ 
G- 40 B 0.70 _ | G- 98 | B | 0.30 - 
G- 36 A 0.80 - | G- 95 B 0.90 
D-431 B 1.00 | G- 99 | B 1.00 
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reaction according to the criteria explained previously. Where the reaction in the 
pulp was positive, some attempt was made to indicate the degree by the number of 
plus signs. Four degrees of reaction are indicated by the same number of these 
signs. The classification is based on the estimated number of leukocytes seen in- 
filtrating the pulp tissue. A few scattered infiltrating leukocytes were considered 
a plus (+) reaction whereas evidence of destruction of tissue and densely packed 
leukocytes or necrosis was designated by four plus signs. The degrees of infiltration 
(++ and +++) indicated intermediate amounts of injury. 

The table is also divided vertically into eight sections according to the kind 
of filling materials used. These filling materials are listed as follows: I. Calcium 
hydroxide paste; II. Metallic filling; III. Open cavity; IV. Oxyphosphate of 
zinc cement; V. Silicate cement; VI. Zinc oxide and eugenol; VII. Gutta percha ; 
and VIII. Acrylic resin. One type of silicate cement, Kryptex, and two types of 
acrylic resin fillings, Kadon and Sevriton, with a sealer were used. Under the head- 
ing of metallic filling material the table shows that one pulp was capped with a piece 
of thin gold plate, in turn covered with cement; the remainder of the cavities listed 
in section IT were filled with the direct application of a silver amalgam. 


SECTION I 


The first section of the table shows that the floors of seventeen cavities were 
covered with a paste made of calcium hydroxide crystals and water which was 
then covered over with a crown and bridge cement filling. Sixty-nine per cent 
were pulp exposures. Thirty-six per cent of these exposed pulps, capped with 
calcium hydroxide, showed evidence of pulp inflammation, that is, there was a 
leukocytic infiltration of the pulp tissues. An examination of the slides showed that 
these pulp reactions occurred in those instances where there was obvious evidence 
of injury from the impaction of inserted filling material or dentin chips directly into 
the pulp. In one instance of obvious pulp injury, slide D-463, pieces of dentin that 
had been forced into the pulp during cavity preparation could be seen with the 
microscope. A very small amount of filling material had also been forced into 
this pulp. Another pulp, G-34, showed massive destruction of the pulp tissue 
and slight polymorphonuclear infiltration. There was also evidence of fresh hem- 
orrhage but this could have taken place during removal of the tooth. The part of 
the pulp between the cavity and the occlusal tip of the pulp was replaced with 
aluminum oxide particles forced therein during cavity preparation with the air- 
brasive cutting technique. The specimens G-38 and G-43 also showed evidence 
of pulp exposure and injury. Again these exposed pulps contained dentin chips 
and filling materials with inflammatory change. 

On the other hand, a deliberate pulp exposure was made in tooth D-283 in the 
mouth of a 14-year-old girl. In this human tooth where a careful pulp exposure 
in a noncarious tooth was capped with calcium hydroxide under ideal conditions 
the pulp showed no histologic evidence of injury. In this instance, it was possible 
to obtain good protection for the calcium hydroxide with a relatively large mass of 
oxyphosphate of zinc cement. Specimen D-284, another premolar tooth from the 
same 14-year-old had its pulp exposed with a bur. The pulp was carefully capped 
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with calcium hydroxide and protected with cement. Specimen D-342 is that of 
a pulp exposure made on the molar tooth of a 42-year-old man and capped with 
calcium hydroxide paste. The exposure was made with the airbrasive technique. 
No bridge of secondary dentin was formed. There was no evidence of inflamma- 
tion in the pulp. This section showed that a pulp exposure in a relatively old tooth, 
capped with calcium hydroxide, healed. It also showed that satisfactory results 
would take place without the formation of a protective layer of dentin. There 
was a considerable amount of vacuolization in the pulp of this tooth. This was in- 
terpreted as artifact, not atrophy, because of inadequate penetration of the fixative. 

Specimen G-31 is of interest because the histologic section showed that the 
cavity floor was very thin, that is, there was only 0.03 mm. of dentin between the 
cavity floor and the pulp. This cavity was cut with a bur and the floor covered 
with calcium hydroxide. Apparently the cutting action of the bur did not injure 
the pulp in spite of the fact that many odontoblastic processes were cut and in 
close proximity to the cell itself. There was a hematoxyphilic line in the dentin so 
in all probability the predentin matrix formation or calcification was disturbed. 
No abnormality of the odontoblastic cells could be seen in the histologic section. 
Specimens D-289 and D-421 showed cavity floors only 0.10 mm. from the pulp 
with no pulp injury, yet there was a hematoxyphilic line in the dentin margin. 
These cavities were prepared with airbrasive and bur, respectively. 

This part of the study showed that unless an exposed pulp is badly injured, 
it will recover under a calcium hydroxide capping. Those specimens that showed 
histologic evidence of injury also showed the presence of massive destruction of 
the pulp or impingement of foreign material. In addition it can be said that 
neither the filling material nor operative procedures caused pulp injury as long 
as there was a thickness of dentin between them and the pulp. This fact should 
be more carefully considered because it has been amply demonstrated clinically 
and in research reports. 


SECTION II 


The next part of the study, Section II, showed the results obtained with 
teeth filled with metal, in most instances an amalgam filling. Specimen D-367 
was that of a human tooth pulp exposure covered carefully with a piece of gold 
plate very well protected by a large mass of cement. There was an incomplete 
dentin bridge formed, yet there was no evidence of pulp inflammation. The re- 
mainder of the sections showed various thicknesses of dentin between the cavity 
filled with silver amalgam and the pulp chamber. There was no evidence of pulp 
irritation in these instances. Apparently neither the filling material nor the 
operative procedures were injurious to the pulp as long as they were separated 
from it by a layer of dentin. 


SECTION III 


In the third section of the table are again listed specimens with cavities 
of various depths. These cavities were left without fillings and there was no 
evidence of pulp irritation. Most of these specimens showed a hematoxyphilic 
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line. Several cavities prepared with pulp exposures were left open to the saliva. 
They all showed evidence of inflammation but are not listed in the table. 


SECTION IV 


Section IV of the table containing the results of the placement of cement 
fillings shows that in the first three specimens where cement was placed over a 
pulp exposure evidence of pulp injury occurred. On the other hand, where there 
was any thickness of dentin between the cement and the pulp, this organ was not 
injured. 


SECTIONS V, VI, AND VII 


The same may be written about the pulps of specimens in Sections V, VI, 
and VII. The pulps showed injury only where debris. or irritating filling materials 
were forced into the pulps. In these instances silicate cement, Kryptex, zinc oxide 
and eugenol, and gutta percha were used. The pulp exposures in specimens G-24 
and G-25 were prepared with the airbrasive technique and filled with zinc oxide 
and eugenol. Rather large amounts of airbrasive particles were seen in the pulps. 
The pulps that were thus injured showed some hyperemia and a few leukocytes. 
It was not possible to tell whether the pulpitis was due to the trauma from the air- 
brasive particles or the zinc oxide and eugenol. Apparently the so-called plastic 
filling materials do injure pulp tissue with which they come in contact. 


SECTION VIII 


Section VIII of the table shows how resin fillings affect the pulp. These resins, 
Kadon and Sevriton used with a sealer, were placed in the cavities in a fluid state 
with a brush, according to the manufacturer’s directions. In all instances where 
there was a pulp exposure the pulps were irritated by the resins. Specimen G-30 
is of interest because the dentin between the cavity and the pulp was extremely 
thin, that is, only 0.05 mm. thick. In spite of this close approach to the pulp 
there was no histologic evidence of injury. Where there was any thickness of 
dentin between the filling material and the pulp, no injury occurred. 


DISCUSSION 


There are only two specimens, G-30 and G-31, in this study in which it could 
be demonstrated that the bulk between the cavity floor and the pulp was extremely 
thin, that is 0.03 and 0.05 mm., respectively. In spite of this there was no evi- 
dence of injury to the pulp. It is regrettable that there are not more of these very 
deep cavities in this study. However, on the basis of these two sections, and the 
other specimens of deep cavities in this study, it is believed that operative proced- 
ures and filling materials do not injure the pulp of teeth. Pulps become injured 
when they become directly traumatized with infection and irritating materials. 

Some of the histologic sections which were not listed in the table in this 
study showed a picture similar to that in Fig. 1. There evidence of cellular infil- 
tration of the pulp in the vicinity of the cavity preparation can be seen even though 
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no pulp exposure or near pulp exposure could be demonstrated. Since semiserial 
sections were used it was felt that there might have been an undetected exposure 
in this and the other similar instances of pulp injury. For accurate studies of the 
effect of operative procedures upon the pulp serial sections are absolutely essential. 

Most of the research in the past has assumed that pulp irritating agent or 
agents in restorative procedures gain access through a thin layer of dentin to 
involve the pulp. This assumption has been based upon histologic material 
similar to that pictured in the illustration. Anyone who has attempted such studies 
can appreciate how difficult it is to make complete serial histologic sections of the 
experimental teeth. Unless such sections are prepared one cannot show clearly 
and unequivocally the minute exposures than can go undetected in semiserial 
sections. 

The confusion that exists in clinical dentistry concerning the effects of opera- 
tive procedures and filling materials on the pulp is believed to be due to the in- 
ability of the operator to see microscopic pulp exposures with the naked eye. 
It should be remembered that a pulp exposure that is invisible to the eye of the 
dentist could still be large enough to admit many bacteria. It should also be re- 
membered that small pulp exposures do not bleed and may be made without caus- 
ing pain. Another point that is too often forgotten is the fact that a pulp may 
become injured to the point of death, and still the process may remain symptom 
free. Clinical experience, the research just described, and the research recorded 
in the literature would seem to bear out the opinion that pulps suffer because they 
are assaulted directly. 

Some day it may be possible to demonstrate in a more positive manner the 
effect of caries, cutting operations, and the various filling materials on the pulp 
both through dentin by way of the odontoblastic processes and directly upon the 
exposed pulp. It will take some very careful tedious study with meticulous atten- 
tion to details of cavity preparation and tissue processing to make sure just what 
is actually happening. When that day arrives, it may be possible to explain our 
failures and to provide fool-proof operative procedures. Since the operator is 
dealing with living tissues which are subject to anatomic and physiologic variations, 
it is, however, questionable whether or not 100 per cent success can ever be 
achieved. 

At the present time, in an approach to restorative problems, one should always 
keep in mind fundamental biologic phenomena. It should always be remembered 
that we are dealing with sensitive tissues and irritating materials, and that it is 
possible to protect one from the other. The operator must be constantly aware 
of all the possibilities of living tissue and therapeutic materials. At the present 
time it would be well if all operators would observe the following recommendation 
made by Zander: “The deep cavity should be lined with an efficient calcium 


hydroxide lining material over which is placed zinc phosphate cement.” 
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SUMMARY 


1. The exposed pulp can be satisfactorily protected from irritating filling ma- 


terials with the immediate application of a calcium hydroxide paste or nonirritating 
metallic filling material. 


2. Since it is difficult to detect minute pulp exposures with the naked eye the 


deep cavity should not have applied to it irritating chemicals. 


3. Wherever possible, a calcium hydroxide paste should be used in deep 


cavities between dentin and irritating filling materials. 


4. There was no apparent difference in the effect upon the tooth between cavity 


preparation with the steel bur and the airbrasive techniques. 


wal 


6. 


Ue 
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CALORIES MAKE THE DIFFERENCE 


L. A. Bavetta, Pu.D.* 


School of Dentistry, 
University of Southern California 


Los Angeles, Calif. 


HE GREATEST problem in nutrition and preventive medicine in the United 

States today has been said to be obesity." It has been estimated that more than 
30 per cent of the population of the United States is overweight by 10 per cent 
or more. However, unlike many of the other problems of preventive medicine, an 
appreciation of the magnitude and importance of this problem did not come from 
the United States Public Health Service, or from the great medical research 
centers, but from big business, namely, the life insurance companies. 

In this discussion we shall attempt to do three things: (1) to discuss 
obesity in the light of the toll it exacts in terms of increased morbidity and mor- 
tality; (2) to indicate a few of the etiological factors associated with the obese 
condition; and (3) to point out that obesity is generally a type of malnutrition 
which can affect oral as well as systemic health and that, in essence, it is a problem 
in preventive dentistry as well as medicine. 

The percentage of overweight people increases with advancing age, and is 
greater in women than in men. Fig. 1 shows the relationship between the death 
rate as a function of the weight in persons aged 45 to 50 years.” Because of the 
increasing percentage of older persons in our population, these data become 
especially significant. 

Overweight is especially important in the so-called degenerative diseases, 
like cardiovascular-renal diseases, and in diabetes. Many studies have shown 
the adverse influence of obesity on hypertension, diabetes, heart disease, cancer, 
acute and chronic nephritis, cirrhosis of the liver, atherosclerosis, and many 
others. The extra load imposed upon the cardiovascular system by the deposition 
of just five pounds of extra body fat can be considerable. 

To this long list of systemic diseases we must add many of the pathosis 
associated with the structures of the oral cavity. There is no question about 
systemic disease affecting the structures of the periodontium. The health and 
vitality of these tissues are dependent on the satisfactory nutritional state of all 
the body. In addition to the systemic effects, there would be environmental 
effects to consider. In my opinion most of the excess calories that are ingested 
by the obese are in the form of sugar and refined carbohydrates. This is especially 
true in cases of obesity resulting from an excessive intake of pastries and desserts 
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which owe their appeal, in large measure, to the sugar they contain. I know of no 
studies involving a comparison in caries incidence between the obese and the 
nonobese. Such a study would be illuminating. 


OVERWEIGHT wo” MORTALITY 


(PERSONS 45-50 YEARS) 


POUNDS INCREASE IN DEATH 
OVERWEIGHT RATE OVER AVERAGE,%.. 


8 % 
13 " 
28 « 
45» 
5 " 
67 " 


8/" 
116" 


*THE LONGER THE WAIST-LINE-- THE SHORTER THE LIFE-LINE..” 





Fig. 1. 

The average daily individual consumption of sugar in this country amounts 
to about 4.5 to 5.0 ounces per day. This can provide about 600 sterile calories 
to the diet. I like to call these sterile calories for the obvious reason that they 
provide nothing but energy ; no vitamins, amino acids, minerals, or other nutrients ; 


WHAT IS YOUR BEST 
WEIGHT? 


HEIGHT SMALL MEDIUM 
FRAME FRAME FRAME 


MAN 5'Q” (40-151 149-160 1574170 
WOMAN 5'6” 123-132 [30-140 138-150 


10% ABOVE DESIRABLE WEIGHT-—OVERWEIGHT. 
20% ABOVE DESIRABLE WEIGHT—SERIOUS HEALTH HAZARD. 


Fig. 2. 


an individual may actually be taking approximately one-fourth of his entire caloric 
requirements for the day in the form of sterile calories. These calories may 
prime the human engine, but cannot permit it to run for very long. It has been 
demonstrated that these sterile calories can be utilized by the body only by 
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calling upon its reserve supply of vitamins and minerals. The very existence 
of obesity is one of the best clinical signs of the presence of malnutrition. 

In many of the studies found in the literature the criterion of overweight has 
been the excess weight in pounds over a so-called “‘standard” or average weight for 
a given height, sex, and age. In recent years, it has become apparent that this 
definition of overweight is inadequate. Newer tables include the above variables, 
but in addition take into consideration bone structure and body frame (Fig. 2). 


weight with the years 


“AN ADULT PERSON /S ONE WHO HAS 
STOPPED GROWING EXCEPT IN THE MIDDLE... 


4 


TEEN- AGE YEARS ° COMES THE TURN OF 40 
(ACTIVITY- GROWTH): WE SEE THE DAWN OF THE 
: “SPREADING MIDDLE * ~~ 





These figures also do not allow for any increase in weight with the advancing 
vears. After a person reaches the age of 25 and has reached his correct adult 
weight, it is best for him to stay close to that figure the remainder of his life. The 
older tables merely reflected the increased incidence of obesity with age. As a 
matter of fact, muscle mass progressively diminishes after the age of 25. The 
body weight should, therefore, be slightly less at 50 than at 25 years of age. 

Now we can safely say that if more calories are taken daily than the body 
burns, the excess will be deposited and stored in the body as fatty tissue. It is an 
accepted fact that most people are overweight simply because they eat too much. 
In a very few cases, less than 1 per cent, endocrine factors are responsible. The 
causes of obesity, therefore, are those factors that lead to excessive caloric intake. 
Overeating is largely a habit, both as to amount and type of food eaten. The body 
metabolism begins to slow up between the ages of 30 and 40, which means that 
after 30 less food is needed to do the job of running the human engine. How- 
ever, the eating habits established during a very active youth may often persist 
into adult life. | 

Others may develop the habit of overeating because an abundance of food at 
the family table is tradition. Several obese individuals in the same family are 
not necessarily the result of heritage, but of common dietary habits. Strong 
circumstantial evidence against heredity playing a major role in obesity can be 
found in studies of identical twins.‘ It is considered that identical twins are 
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identical throughout, and any differences between them are evidences of en- 
vironmental influence. Identical twins reared together show greater variations 
in weight than in any other characteristic, and if reared apart the variability in 
weight is 214 times as great as when reared together. 


SOCIAL FACTORS -- FAMILY 
ON OF HEAVY MEALS --- 
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In other cases, overeating may be caused by social reasons. This may involve 
the habit of all-too-frequent snacks with friends between meals, at parties, and at 
business lunches. 


FAMILY EMPHASIS ON WEIGHT 
AS INDICATIVE OF HEALTH-- 





Fig. 5. 


A child may overeat because of a nagging mother, or mothers may use food 
as a substitute for love or attention. Many parents place undue emphasis on 
weight as a primary indicator of health, and are often guilty of forcing food down 
the throat of a reluctant child. 
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The importance of psychologic factors in obesity is gaining recognition. Many 
persons grow fat because life has become more difficult for them, not less so. Thus, 
menopausal obesity is probably a manifestation of increased leisure and _ bore- 
dom, as well as nervous tension. At this time it should be emphasized that the 
psychologic factors which originally initiated the habit of overeating may not be 
operating at the present time. These people, however, continue to find solace in 
eating. They are like the alcoholic who drinks because life has become too diffi- 
cult. The psychologic problem may be social, financial, or sexual. For many 
people struggling with such problems, it seems that food acts as a sedative. Many 
of these people live only to eat and derive no rewards from love, work, friends, 
or family, or from art, literature, music, sports, or the theater. To expect such 
persons to restrict their food consumption without psychotherapy would not only 
be cruel, but useless. 
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The next obvious question concerns how we may attain our desirable 
weight and, once attained, how we may maintain it. At first thought the treat- 
ment of obesity appears deceivingly simple. “All right,” the doctor says, after 
ruling out the possibility of glandular disorder, “you'll have to stop overeating. 
In order to lose those extra pounds, we'll put you on a diet that will burn up 
some of the stored fat.” However, living habits and other related conditions 
must all be carefully evaluated before an effective, safe plan can be worked out. 
Anyone who wants to benefit permanently from weight control must realize at 
the start that it means changing eating habits for life. Going back to the old 
patterns will merely mean a return to the former weight. 

All diets designed to lose weight are based on the simple principle of pro- 
ducing a negative caloric balance. If fewer calories are taken than are necessary, 
the body then takes the extra energy it needs from the storehouse of fat in the 
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body tissues and loss of weight occurs. A deficit of about 3,500 calories must 
be produced in order to lose one pound. 

In order to follow a diet intelligently we need to know something about 
food, and especially about food selection. Much nonsense has been written 
about special “reducing foods.” There are no such foods. A high protein intake 
is desirable because of its satiety value as well as for its nutritional importance. 
However, you can put on weight from excess calories regardless of the source. The 
point is often made that proteins stimulate metabolism, and because of this fact 
actually help to burn off excess fat. This is what might be called a distorted 
partial truth. This effect of protein is called specific dynamic action and can 
best be explained by Table I. 


TABLE [ 
BASAL INTAKE OUTPUT BALANCE 
(BASAL + S. D. A.) 
100 calories 0 100 —100 
100 cal. (Protein) 130 —30 
200 cal. (Protein) 160 +40 


Let us assume we have an animal with a basal caloric need of 100 calories. If 
nothing is taken in, then he has a negative caloric balance of 100 calories. Now if 
he is given 100 calories in the form of protein, this will result in an output of 130 
calories. These 130 calories come from the basal plus 30 calories which result 
from the specific dynamic action of proteins. It thus leaves the animal with a 
negative balance. However, if he takes in 200 calories his output will be 160 
calories. This will give him a surplus of 40 calories which will be stored as fat. 

When calories must be cut down, alcoholic drinks and foods rich in sugar 
should be restricted. To assure optimum health, food must supply more than 
calories. All during life the body is undergoing a constant process of repair 
and renewal of tissues. The right materials are needed at the right time and in 
the right amounts. The body’s essential building and maintenance materials are 
found in the protective foods such as milk, eggs, meat, fruits, and vegetables. 
A reducing diet must be a well-balanced diet, and such a diet can be attained by 
the primary elimination of the sterile calories. These include the jams, jellies, 
syrup, honey, sugar, rich sauces, pastries, candies, soft drinks, sodas, and other 
sweet desserts. They also demand the elimination of many of the “television” 
snacks indulged in just to be sociable. 

To anyone who is familiar with the relationship known to exist between diet 
and dental health, the omission of these foods is quickly recognized as a very 
desirable feature. W. R. Davis, former Director of Public Health Dentistry of 
the Michigan Department of Health, evaluated the various viewpoints in the 
dental literature which have been formulated to explain the etiology of dental 
caries. He stated: “We find that in the experiments carried on by those claim- 
ing vitamins A, C, and D, calcium/phosphorous balance, acid/base balance and 
optimum diet as the important factors, there has been in every case a reduc- 
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tion of carbohydrate intake. There is at least one common denominator in the 
research that claims reductions in dental caries in the human by dietary means, 
and that is the reduction of carbohydrates, especially in the form of refined sugars.’” 

As prosthodontists you are probably more concerned with the systemic effects 
of malnutrition. It goes without saying that generalized malnutrition will mirror 
itself by changes in the oral cavity, particularly in the supporting structures. This 
is especially true when teeth are lost, for under these conditions degenerative 
changes in the periodontium may be aggravated. The mechanics of restorative 
dentistry may place additional burdens, and tissue damage may be accelerated. 

The normal dental apparatus is designed to withstand relatively high pres- 
sures. These pressures, in the last analysis, are transmitted to the periodontal 
tissues and alveolar bone. The ability of these tissues to resist these stresses 
will, in a large measure, depend upon their previous, as well as present, dietary 
history. 

A patient may require a full or partial denture or fixed bridge. Can this 
new appliance resist the pressures that he is accustomed to exert? In the last 
analysis, prosthetics must concern itself with tissues. Why can one tissue with- 
stand pressure and another cannot? The answer probably lies in the past as well’ 
as present nutritional state of the tissue. As the appliance produces additional 
injury, it will cause the patient to apply less and less pressure. This in turn will 
affect his nutritional intake as he begins to eat only soft foods. 

Every time a bridge is placed in the mouth, the supporting teeth are, during 
the process of occlusion, subjected to stresses which are not normal. These stresses 
are eventually relayed to the periodontal structures and their ability to respond 
will depend, in a large measure, on their nutritional state. 


WHAT SHALL WE EAT? 


Perhaps most persons are now familiar with the concept of the Basic 7 
in foods. From the standpoint of general health, the following food groups could 
be used by the dentist to check the adequacy of a patient’s diet. 


Group 1: Green and yellow vegetables 

Group 2: Citrus fruits, tomatoes, raw cabbage, or salad greens 
Group 3: Potatoes and other vegetables and fruits 

Group 4: Milk and milk products 

Group 5: Meat, poultry, fish, and eggs (if expensive increase group 4) 


Group 6: Enriched or whole grain cereals and bread 
Group 7: Butter or margarine (if expensive increase 1 and 4) 


Whether we are talking about a reducing diet, or a diet adequate for general 
as well as dental health, it must contain these food groups. The menus must be 
so planned that some foods from each of the main groups are served daily. There 
is nothing new or spectacular about these dietary suggestions. They are given 
here not as an innovation, but to emphasize the old axiom: “Man, so we have 
been told since the days of Plato, needs not so much to be informed as to be 
reminded.” 
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The basic principles of good nutrition are well known. Nevertheless man 
has not been anxious to profit from them. Why is this? In the past, he has im- 
mediately benefited from the increased knowledge resulting from the discovery 
and understanding of the bacteria and viruses. He has made quick use of the 
advances in chemotherapy and in the field of antibiotics. However, these have 
been successful and easy of application, largely because they attempted to control 
man’s environment and not man. In these, no great change has been required of 
his own personal habits. Good nutrition often requires man to change habits. 
This is particularly true in the form of malnutrition we call obesity. This change 
of habits is a prerequisite for the future health of many individuals. It is a 
decided challenge and a very difficult one. It is unfortunate that in the last analysis 
this challenge must be met on an individual basis. No one can vaccinate you with 
the determination and will power to carry it out. Will you meet the challenge? 
It is most likely that the proper calories will make the difference. 
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AN EVALUATION OF THE VARIOUS CLAIMS FOR THE 
CONTROL OF DENTAL DECAY 


Pau C. Kitcuin, M.S., D.D.S. 
College of Dentistry, Ohio State University, Columbus, Ohio 


AMMONIA-UREA DENTIFRICES 


N 1947, Kesel, O’Donnell, and Wach reported on rather extensive laboratory 

procedures with 3 per cent urea and 5 per cent dibasic ammonium phosphate and 

a very limited clinical experiment with a dentifrice containing these materials. The 

results seemed to promise much for a therapeutic dentifrice to reduce tooth decay. 

They received wide publicity for this work in various magazines of*national circu- . 

lation’ Thus was born the era of ammonium-urea. A foundation was set up to 
sell the rights to use this material and to receive the royalties. 

In February, 1951, the results of a two-year clinical test on 1,700 grade school 
children: 288 in Aurora, IIl., and 1,428 in Peoria, Ill., were published by Kerr 
and Kesel. They showed that a (nonammonia-urea) dentifrice (160 children) re- 
sulted in 9.3 per cent less teeth attacked by decay than the control group (301 
children) with no brushing in school, and in 20.5 less teeth attacked in the 
group (179 children) using the 3 per cent ammonia-5 per cent urea dentifrice 
over the control group. Thus there was a very questionable 11.2 per cent advan- 
tage for this type of ammonia-urea dentifrice. 

The clinical test failed to support the promising laboratory data on the 3 per 
cent ammonia-5 per cent urea dentifrice (Amurol). 

In 1951 Davies and King using a powder dentifrice of the Amurol type, except- 
ing that it contained no bentonite, were unable to show any caries-reducing value 
for it. These authors subjected Kerr and Kesel’s figures to statistical analysis and 
proved their small percentage of caries reduction to have been a mere coincidence. 

An evaluation of the 3 per cent urea-5 per cent ammonia type dentifrice must 
be that it has shown no advantage not possessed by any common dentifrice on the 
basis of the present evidence. 

A second type of dentifrice in the ammonia-urea group was Ameion. Its 
claim to distinction was that the source of its active ingredients was jack-bean 
meal. 

Hawes and Bibby have just published (J.A.D.A. 46:280, 1953) the re- 
sults of a bacteriologic lactobacillus count and clinical (actual caries count) of 
one year’s use of a powder dentifrice using an Ameion formula containing 12 per 


Read before The Ohio State University, College of Dentistry Post-College Assembly at 
Columbus, Ohio, April 23, 1953. 
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cent urea and 1 per cent urease. The bacteriologic study was conducted on 75 
dental hygiene students over eight weeks use of the dentifrice. They found no 
effect on the lactobacillus count by the urea-urease dentifrice that was different 
from that produced by a control dentifrice. 

The clinical trial of the dentifrice was carried for one year on 372 school 
children, 7 to 13 years of age. They found the caries rate to be no different in 
the control and the experimental groups. 

In a review of the entire field of ammonia-urea dentifrices, they concluded 
that “The validity of claims of caries reduction by ammonium ion dentifrices is 
questionable.” 

The third type of dentifrice in this field is Ammident. This differs from the 
others in its much higher percentage of urea, or carbamide. It contains 22.5 
per cent urea as well as 5 per cent of dibasic ammonium phosphate. This is a closer 
approach to the urea concentration reported to be effective by Stephan in 1943. He 
employed a 50 per cent urea mouth wash clinically, and reported that it prevented 
a drop in pH in the dental plaque for eighteen hours following the intake of 10 per 
cent glucose. 

The first clinical experiment using Ammident was reported in 1949 by Hen- 
chel and Lieber. They claimed about 35 per cent less tooth decay by the use of 
Ammident. However, the plan of the experiment was very poor and these results 
are not acceptable after critical analysis. 

A second clinical experiment using Ammident was reported by Lefkowitz and 
Vemti in 1951. 

The plan of this work was somewhat more acceptable, and the results on 217 
school children at the end of eighteen months of a proposed three-year period were 
strikingly good. The caries reduction was 50 to 60 per cent greater than a control 
dentifrice with the customary twice a day brushing technique. 

In 1952 Henchel and Lieber presented a second clinical report on the Ammident 
type dentifrice. This time they used 110 test patients and 75 controls and a 
more acceptable test plan. They showed an advantage of 44 per cent for the high 
urea-ammoniated dentifrice. The best effects followed tooth brushing before meals. 

On the basis of the present data I believe we could concede that the Ammident 
type of urea-ammonia dentifrice may have some claim for caries reduction. Thus 
we might differentiate between the lower urea and high urea-ammonia dentifrices 
in this respect. The results of all the clinical experiments by no means 
justifies some of the advertising claims of the commercial interests selling 
ammonia-urea dentifrices. 


PRNICILLIN DENTIFRICES 


With the recognition of the effective uses of penicillin against gram-positive 
bacteria, the possibilities of its use to control the acid-producing bacteria in the 
mouth became obvious. 

The first test of a penicillin-containing dentifrice (1000 units per gram) was 
carried out by T. J. Hill on a small group (10) of students each of whom had a 
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relatively high (72,000) lactobacillus count. The lactobacillus counts showed a 
marked drop in one week, and at the end of five weeks averaged 300. Reports from 
various animal experiments also made penicillin dentifrices look good. 

A clinical report based on observance of actual tooth decay was made by Zander 
in 1950. Using a group of about 400 school children divided into a test and con- 
trol group, each with school supervised tooth brushing, he reported a 55 per 
cent reduction in tooth decay in each of two years in the group using penicillin over 
those with the control dentifrice. 

Another clinical report was made by T. J. Hill and A. K. Kneisner in 1949 on 
a group of 163 institutional boys with unsupervised brushing. They were unable 
to see any anti-caries value to penicillin dentifrice used in this manner. 

Walsh and Smart reported in 1951 on the results of a clinical study using a 
powder dentifrice having 100 units of penicillin per gram. (This was a very low 
concentration. Other studies used 500 and 1000 units per gram.) They used 
orphanage children and supervised brushing. They found no greater caries reduc- 
tion with the penicillin dentifrice than was produced by a control dentifrice. 


A fourth and latest clinical report on a penicillin dentifrice was made by Hill, 
Sims, and Newman in August, 1952. In a group of 492 children, 7 to 12 years of 
age, 347 subjects used a penicillin dentifrice, and 145 used a non-penicillin denti- 
frice for one year. The teeth were brushed once a day under supervision in school, 
and instructions were given to brush at home. This was similar to the Zander ex- 
periment. The caries reduction in DMF teeth was only about 10 per cent. This 
throws considerable doubt on Zander’s 55 per cent reduction figure. 


While penicillin sensitivity has not proved to be a serious factor in the use of 
a penicillin dentifrice, the findings of Welch, Randall, Putnam, and Hendricks on 
the penicillin resistance of organisms in the mouths of Zanders experimental and 
control subjects indicated an increase in the penicillin resistance of a number of 
different bacteria in the experimental subjects. This is a condition which must be 
balanced against any caries reduction gained by their use. If such reduction is 
slight, or questionable, this penicillin resistance becomes more important. At 
present we can conclude only that penicillin dentifrices have shown themselves 
to be of very questionable value in the control of tooth decay. Thus their ability to 
increase penicillin resistant bacteria in the mouths of the users of such dentifrices is 
not overshadowed by any dependable caries control properties. 


Before leaving the question of penicillin dentifrices, it might be of interest to 
explain why there has not been a popular advertising wave for them similar to 
that of the ammonium-urea dentifrices. The placing of penicillin in a dentifrice puts 
the dentifrice in the field of the authority of the Food and Drug Administration. 
Because of the newness of penicillin, and questions concerning penicillin sensitivity. 
and the danger of producing penicillin resistant strains of bacteria, the Food and 
Drug Administration refused to release such a dentifrice for over-the-counter sale 
until it had been proved safe and effective. It has been possible to prescribe such 
material on an experimental basis. There was a time just after Zander published his 
favorable report, when the Food and Drug Administration could have been per- 
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suaded easily to let go of the penicillin dentifrice. Also the armed forces were 
clamoring to issue it. However, the Welch report on penicillin-resistant organisms 
in the mouths of Zander’s experimental subjects after three years of penicillin denti- 
frice use, and subsequent clinical reports showing no or very questionable anti-caries 
value has caused the Food and Drug Administration to retain its stand against un- 
controlled sale of these dentifrices. 


CHLOROPHYLL DENTIFRICES 


This class of dentifrices constitutes the latest example of the power of ad- 
vertising. There is no published evidence, bacteriologic or clinical, to support any 
claims for reduction of caries by chlorophyll in dentifrices. In this connection, it is 
of interest to note that an early and very favorable bacteriologic report was denied 
publication, even in abstract, in the Journal of Dental Research, because the com- 
mercial sponsor of the project had invited reporters to the research meeting where 
the paper was given, and had had an advertising agency prepare a layout of advertis- 
ing to be launched at the moment of presentation which was to be supported by 
reference to the expected publication. This lack of favorable published material 
has been a deterrent to exaggerated claims for caries control for chlorophyll. In 
this April issue of the Journal of the American Dental Association there is an 
article on the clinical use of a chlorophyll dentifrice. Kutscher and Chilton (J.A.D.A. 
46:420, 1953) show no favorable effect on the lactobacillus count and no sig- 
nificant effect on periodontal disease in the subjects using a chlorophyll dentifrice 
in clinical tests. 

To show the extent to which commercial interests are willing and eager to go 
to “make a fast buck” in this cut-throat dentifrice game, one needs only to refer to 
their use of a paper published recently in the Journal of Periodontia on the effect 
of a chlorophyll dentifrice in gingivitis. The radio and television have been re- 
sounding for some time with the results at the end of two months which were 
slightly favorable to the chlorophyll dentifrice. However, there is not a whisper 
on the radio or television about the lack of any advantage for the chlorophyll 
product at the end of the experiment (nine months). 


THE THERAPEUTIC VALUE OF A DENTIFRICE 


That a nonmedicated dentifrice can have a caries-reducing effect if used 
immediately after eating is supported by the results of one project reported in 1950 
by Fosdick. He used a Colgate product and employed several groups of college 
students in different localities. The controls, numbering 423, brushed their teeth 
with any dentifrice at any time which happened to be their custom. The experi- 
mental group of 523 were supplied with a brush and the Colgate dentifrice, and 
instructed to brush, or rinse the mouth, within ten minutes after eating. Clinical 
examinations were made at the start of the experiment, and at the end of the first 
and the second year. A reduction of 40 to 60 per cent in new caries was reported 
for the experimental group over the controls. A careful examination of the 
methods used in this study make me believe that 40 per cent should be the maxi- 
mum figure. 
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The value of immediate cleaning of the teeth and/or rinsing of the mouth after 
eating seems very logical on the basis of Stephan’s determinations of the pH of 
carious areas following the use of a 10 per cent glucose mouthwash. He showed 
a quick drop from a nearly neutral condition to a definite acid condition in a few 
minutes following the use of the glucose solution. The acid condition continued for 
about 30 minutes before relative neutrality was established again. 

That the use of a dentifrice, or a rinsing of the mouth, within a few minutes 
after the eating of any form of sugar will reduce tooth decay is supported by some ex- 
perimental evidence. Certainly, on the basis of what we know concerning the 
breakdown of sugar by acidogenic bacteria, the logical time to clean the teeth is 
after eating, the sooner the better. The first thing in the morning and the last thing 
at night schedule is a routine without rational basis. 


TOPICAL FLUORIDES 


When it was finally determined, about 1936, that fluorides in water supplies 
were the cause of mottled enamel, attempts to remove it resulted in the discovery that ° 
bone meal was an excellent agent for this purpose. In 1938, Armstrong and Brekhus 
demonstrated that the enamel of sound teeth contained more fluorine than existed 
in the decayed teeth. Since both bone and enamel were made up largely of tri- 
calcium phosphate, it occurred to a number of investigators that teeth might take 
up fluorine in the same way bone ash took it from water, and that such an addition 
might well reduce their susceptibility to decay. 

From 1942 to 1945 six separate and distinct projects were carried out to test 
whether or not fluorine applied to the surface of teeth would reduce their suscepti- 
bility to decay. The NaF concentrations varied form 0.1 per cent to 2.0 per cent, 
but all but one of the projects showed a marked reduction in the treated teeth over 
those not treated. The number of treatments and intervals between treatments var- 
ied much, but in all cases where two or more treatments were given, positive results 
were obtained. Since that time, a number of projects have been carried out to 
test (1) the value of preliminary cleaning vs. non-cleaning of teeth; (2) the mini- 
mal number of treatments to get maximum protection, (3) whether the results are 
as good on adult teeth as on children’s (up to 15 years) teeth? (4) the effect of 
the pH of NaF solution; (5) the effect of PbF solutions (6) How long a period 
does the effect last ? 

We have answers to some of these questions from clinical experiments. 


1. Cleaning teeth does result in greater caries resistance ; about twice as much 
shown both clinically and by Adler and associates on chemical determina- 
tions using teeth in situ. 

2. The optional number of treatments has been found to be four. However, 
this is just another way of expressing the length of time that teeth are ex- 
posed to the fluoride solution. Adler, Straub, and Popovics in a classic 
experiment in 1950 have shown that the greatest amount of NaF is taken 

up in the first 15 minutes and after that a much lesser rate of uptake occurs. 
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This checks very well with the time involved in four treatments where a 

2 per cent solution is allowed to dry on tooth. 
3. The best results seem to be in patients under 18 years. This has been 
shown by one clinical test and not by another. Adler and associates have 
demonstrated it on teeth in situ, where up to 18 years of age 4 to 10 times 
as much fluorine was taken up by teeth than in patients 21 to 24 years of age. 
Acidulated NaF solutions are not as effective as those of pH nearer neutral. 
The strength of the solution is not critical, since 0.1 per cent has been as 
effective as 2.0 per cent. The latter, however, is generally used. Adler and 
associate showed definitely that neither the volume of solution nor the 
strength between 0.0005 per cent and 0.001 per cent materially affected 
the amount of fluorine taken up by teeth in situ. 
6. PbF has been of no value in clinical experiments. KF has been of some 


wr & 


value in one small and early project. 
7. The effect of topical fluoride has been shown to last with little diminution 
for at least three years. 


It is quite obvious that the so-called United States Public Health Service 
method of topical fluoride application is not a convenient and practical method for 
use in the dental office. Various alterations have been suggested, such as the use 
of a fluoride moistened pumice powder in prophylaxis, three applications at three- 
month periods correlated with prophylaxes, etc. However, none of these have been 
sufficiently clinically demonstrated as effective. They may be, but we don’t know. 
Experimental projects along these lines are being carried on, but until definite 
clinical results are forthcoming, any variations of the United States Public Health 
Service method must be considered experimental and questionable as to clinical 
value. 


FLUORIDATION OF WATER SUPPLIES 


Since the closely correlated observations by Dean between the natural fluoride 
content of water supplies and degree of dental caries in children native and resident 
on such water sources which have proved the ability of natural fluorides to markedly 
reduce tooth decay, the idea of artificially supplementing deficient water supplies 
has been receiving increasing and widespread attention. 

Three well-planned and controlled experiments (and a number of others—not 
so well planned) have been carried on to test this plausible theory. These first were 
the Newburgh-Kingston, the Grand Rapids-Muskegon, and the Evanston-Oak Park 
projects. They were originally set up as eight-to ten-year studies, and we now have 
reports of conditions at the end of four or five years. 

In the Newburgh-Kingston study, the report is for a four-year period. 

The children, 6 to 12 years of age, on the water to which fluoride has been 
added, show a reduction from 20.6 DMF per hundred permanent teeth to 13.9 
DMF per hundred permanent teeth. This is a 32.5 per cent reduction. The same 
comparison for the fluoride-free water group in Kingston shows that the original 
20.2 DMF per one hundred permanent teeth is still the same. 
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The number of caries-free first permanent molars, in the 6- to 9-year-olds has 
increased from 59 per cent to 77 per cent, and in the 10- to 12-year-olds from 24 
per cent to 33 per cent in the Newburgh fluoridated water group. There was prac- 
tically no change on this basis in the group on fluoride-free water in Kingston. 

In the Grand Rapids-Muskegon projects, it was necessary to change the con- 
trol area (Muskegon) because the local demand for fluoridated water ruined the 
control value of Muskegon. A comparison between the Grand Rapids observa- 
tions and similar observations in Aurora, Ill., with a naturally fluoridated water 
supply has been substituted. After five years of the use of fluoridated water in 
Grand Rapids, the amount of caries in Grand Rapids children whose 6-year molars 
have had the advantage of fluoridated water is quite similar to the Aurora condi- 
tion for similarily exposed teeth. 

The Evanston-Oak Park project shows a reduction in caries as a result of 
water fluoridation. 

These experiments are not complete, but they seem to be giving results which 
probably will support the theory they were set up to test. 

There has been so much popular enthusiasm about the data so far that a great © 
many individuals and communities have refused to wait on the conclusion of these 
experimental projects. Already 720 communities, large and small, and involving 
1314 millions of people, have fluoridated water supplies. The cost per capita per 
year varies from $0.15 in towns of 800 to 1000, to $0.07 in cities of 100,000 to 
150,000. 

As this trend has grown, so also has opposition. It reminds one of the con- 
ditions that prevailed with the early days of chlorination of water. All sorts of 
claims have been raised as arguments against the fluoridation of water supplies. 

Personally, I believe that the experimental data we have, while manifestly not 
complete, all point to a caries-reducing value of a fluoridated water supply. Whether 
that reduction will be as high as is uow claimed, or somewhat less, seems to me 
to be not very important. That the cost may be high compared to the entire per 
capita per year expenditure for all health activities in a given municipality may 
be true. However, that may be only an indictment of the present low rate of such 
expenditures and not a valid reason against water fluoridation. 

It is obviously impossible to disprove all the alleged injuries by fluoridated 
water consumption. As far as I know, there is no proof of any of these claimed 
dangers. 


DIET CONTROL 


There is a mounting mass of evidence in animal experiments and observa- 
tions on human beings that sugar increases caries activity in most people. The rest- 
ing pH of a carious area, for example 6.5, drops to 5.0 or 4.5 in a matter of minutes 
when a sucrose or glucose solution is taken into the mouth. This is a decalcifying 
level. The low pH lasts from thirty minutes to an hour. Starchy foods require a 
much longer time to be broken down and produce an acid condition. Fruit sugars 
and milk sugars combined in food are much less concentrated, and have a lower 
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power of penetrating the bacterial plaque than does a sucrose solution. Thus 
starchy foods and those naturally containing dilute sugars are much less of a factor 
in the caries problem of most people than is sucrose. There are a few to whom any 
form of carbohydrate will act as a caries accelerator. These few persons cannot 
be aided by strict adherence to a sugarless diet. 

Most patients with excessive caries can be benefited materially by a diet high 
in protein, moderate in fat and carbohydrates, and lacking in sucrose. It may be 
conducted on a formal stringent basis for a short time with lactobacillus counts to 
indicate the progress of treatment, or it may be accomplished over a longer period 
of time without the benefit of an objective indicator (which is what the lactobacillus 
counts really are). In either case, the sucrose intake must be radically reduced both 
in amount and frequency. 


While it is clearly recognized that diet control is possible only with the coop- 
eration of the individual concerned, and will never be a means of mass caries con- 
trol, it is, in my opinion, a very effective means of reducing dental caries activity. 
Incidentally, it helps in cases of acne and overweight also. 

Diet control is recommended in those cases of more than usual caries activ- 
ity, and where the patient is willing to subjugate his appetite to his dental health. It 
is especially recommended to the orthodontists as a protection against the not 
uncommon and possibly true complaint that he causes increased tooth decay in his 
child patients by putting appliances on the teeth. It should be of value to the 
prosthodontist in protecting the remaining natural teeth serving as supports for par- 
tial restorations. 


SUMMARY 


The use of ammonia-urea dentifrices of lower concentrations has not been 
proved to be of value. Those of higher concentrations may or may not be useful. 
We need more and better proof. 

Penicillin dentifrices have not been shown to be of enough value to overshadow 
the possibility of the production of penicillin-resistant bacteria as a result of their use. 

There is no proof of the usefulness of so-called chlorophyll dentifrices. 

Any dentifrice used immediately after meals can, on the basis of our present 
knowledge, reduce caries activity. The customary cleaning night and morning is 
probably rather useless as a caries-reducing factor. 


Topical fluoride when applied in a 1 to 2 per cent aqueous solution according 
to the United States Public Health Service technique, has been proved effective. 
Any variations of this method of fluoride treatment should be proved clinically be- 
fore we can make the same statement about it. The use of this method on adults is 
questionable, but may show a lesser effect than on those under 18 years of age. 

The fluoridation of water supplies has been shown to reduce caries in children 
whose teeth have developed on such water. There is to date no evidence of systemic 
damage attributable to water fluoridation. There is much vociferous objection on 
the part of some to what has been called forced medication. 
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Dietary control by the restriction of sugar is a difficult but effective means of 
caries control in the individual who will cooperate. 
The use of any one or any possible combination of these proved effective 
means constitutes a most valuable preventive service which is available and should 
be utilized to the fullest extent by the dental profession. 


THE COLLEGE oF DENTISTRY 
Outo STATE UNIVERSITY 
Co_tumBus 10, OHIO 








DE-GUMMING SOLUTION 


Some of our gum-chewing denture wearers have experienced considerable difficulty in chew- 
ing gum where the denture base is made of acrylic. This difficulty can be overcome to some 
extent by immersing the dentures in a solution of the following: 


Water 24 cup 
Vinegar % cup 
Lactic Acid 1 tsp. 


Immerse the dentures in this solution for three or four hours. 


—Jerome C. Strain 











ORAL PATHOLOGY IN RELATION TO DENTAL PROSTHESIS 


Hosart H. Proctor, D.D.S* 


Denver, Colo. 


HE DIRECT objective of this article is to bring before the allied professions of 
( jeeerene and medicine, a discussion of the causes, effects, and treatment of path- 
ologic lesions in their direct relation to dental prosthetics. The magnitude of the 
subject is so great that, of necessity, this paper is limited in its scope. I wish to pre- 
sent evidence of a disease entity that has not been given proper consideration. I 
consider it in order to emphasize our responsibility in the early detection of cancer. 

The importance of oral pathology is greater now than ever before. Two factors 
are most important: the increasing life expectancy with the consequently expanding 
number of oral prostheses needed, and a physiologic consideration of the structures 


involved. 
It has been stressed by many that a carefully taken and accurately evaluated 
history is one of the most important steps in making a diagnosis. It is one of the 


deplorably neglected measures in the examination. 

There is packed within the limited space of the head a large number of differ- 
entiated structures derived from the germinal layers. A lesion arising in any one 
organ of this varied structure may promptly invade or press upon adjacent organs. 
The problem of diagnosis and therapy thus becomes complex and complicated.’ 

The examination should follow a definite routine. Inspection and palpation are 
equally important. During palpation, the examiner must bear in mind the possible 
histopathologic, as well as gross changes, occurring in the disease processes under 
suspicion. 

The membranes of the oral cavity are composed for the most part of squamous 
epithelium. The oral cavity is lined with small glands that secrete mucus, en- 
zymes, and saliva. Any of these glands may be responsible for tumor formation. 
The palatal area with a mucosal layer of 2 mm. to 5 mm. in thickness has mucous 
glands dotting the entire surface. 

The disease entity to which I refer is a prevalent inflammatory lesion of the 
oral mucous membrance. A review of the literature places inflammatory lesions 
of these membranes under the heading, “denture sore mouth.” Empirically it is 
stated that “allergies,” “pressures, both negative and positive,” and “ill-fitting den- 
tures” are the offenders.** It has been reported that a substance contained in the 
saliva due to faulty metabolism was the etiologic factor. 

Read before The Academy of Denture Prosthetics, Los Angeles, Calif. April 16, 1953. 
Received for publication April 24, 1953. 


*Clinical Instructor, Department of Surgery, Prosthetic Rehabilitation, University of Colo- 
rado School of Medicine. 


844 














a: ORAL PATHOLOGY IN RELATION TO DENTAL PROSTHESIS 845 

Clinically as well as miscroscopically it is impossible to determine the exact 
moment at which a lesion ceases to be benign and becomes malignant.° The urgency 
of the report becomes self-evident. 

Inflammatory lesions of the oral mucous membrane are encountered routinely 
in private practice and in clinics. They are seen in the acute and chronic stages. 
Evidence is presented to show that at least one group is not the direct result of the 
prosthetic appliance. 

The following must be considered as a preliminary report as it is based upon 
only twenty-two cases. 





Fig. 1.—Moniliasis with a known duration of seven months. The acute inflammation 
involves the entire hard palate. The lesion bleeds easily. 


In the cases reported, the known duration of the inflammation when seen varied 
from four months, after the beginning of wearing a denture, to seven years. Twenty 
of the cases grew Monilia albicans (Figs. 1, 2, and 3) on culture media. Of the re- 
maining two, one (of the two-year duration) was diagnosed as an idiopathic facial 
granuloma, and the other (a three-year case) reported as a plasmacytoma of the 
hard palate. 

The first clinical evidence of a gross change observed in the mucous membrane 
is a localized edema. The tissue shows a fiery red color with a satiny appearance. 
The lesion bleeds freely on examination. In most instances, the symptoms are 
strictly objective ; however, in individual cases the patient may complain of tender- 
ness with a sensation of a burning pain. 

In the chronic stage, the induration appears more sclerotic and shows less tend- 
ency to hemmorhage. The color in this stage is a dark red, and the lesion develops 
a rubbery consistency. 

A detailed history was taken in each case. Two patients were wearing partial 
dentures with metal connecting bars. Eighteen were wearing full dentures, the other 
two were edentulous but had been deprived of their dentures. 

The general state of health in this series of cases was varied, two had undergone 
radical mastectomies ; one had radiation therapy of the hard palate five years pre- 
viously. Medical history was irrelevant in the other cases. 
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Each individual had sought medical and dental consultation. The majority 
were diagnosed as “allergies” or “ill-fitting dentures.” One reported that she had 
been told the mouth wash she was using was the causative factor. Contacts with 
their medical and dental advisers were made wherever possible. Fungi was not 
mentioned by any of the previous examiners contacted. 

A biopsy was done in each case and the pathologic reports were almost identical, 
with the exception of the two previously mentioned. The diagnosis was acanthosis 
with chronic inflammation. 


Fig. 2. 


rig. 3. 


Fig. 2.—Moniliasis with a known duration of four years. The area of chronic inflammation 
bleeds profusely on examination. 


Fig. 3.—Moniliasis. The chronic inflammation has a nodular surface. It is very tender but 
does not tend to hemorrhage easily. 


MONILIASIS 


Acting upon the suggestion of Doctor Sidney E. Blandford Jr. of Denver, Colo. 
and Colonel Joseph L. Bernier, Director of the Institute of Pathology, Washington, 
D.C., scrapings were taken from the surfaces of lesions and cultured. With the 
two exceptions all grew Monilia albicans. This causative agent and the disease 
moniliasis were connected for the first time over one hundred years ago. 
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Moniliasis is a disease entity,’ and the occurrence of the disease is related to the 
pathogenic activity of certain Monilia.” It is not related to the type of fabricating 
material or the method of processing of the denture.”” 

All denture materials have a significant degree of porosity. This is true 
whether it is acrylic or metal. The Monilia, which are very hardy organisms, enter 
the porous structures and there remain for long periods of time. 

The fungi are a yeastlike microorganism found in intertrigenous areas.’ An 
entirely unexplained fact is that the previously present Monilia may suddenly 
become pathogenic. 

It is generally agreed that moniliasis is usually found in unclean mouths or in 
debilitated patients.°* A systemic disease, such as diabetes, and all unhygienic 
conditions will facilitate the establishment of moniliasis.’ The disease may be a com- 
plication of Aureomycin therapy, assuming that the Aureomycin destroys some of 
the normal oral flora.” 

In reporting on development of leukoplakia and epithelioma Robinson and 
Tasher™ indicate that chronic latent oral moniliasis in adults should be classified as 
precancerous. The findings of Colonel Bernier are that the denture must be dis- 
carded and the infection treated. This is best accomplished by the application of 
gentian violet three times a week. The normal salivary flow is important because of 
its mechanical cleansing action and general bacteriostatic properties. A new denture 
must be constructed when the disease has been controlled. 

Moniliasis is resistant to treatment, and its course under treatment varies from 
four months to a year in time.” In addition to the application of gentian violet, me- 
ticulous oral hygiene is necessary. This must include proper cleaning of the denture 
and the supporting tissues, plus hours prescribed for leaving the denture out of 
the mouth. It is believed that with faithful application of these precepts, monili- 
asis will be minimized. 

I urge that biopsies be made of lesions of the mouth, and in addition, that scrap- 
ings of the lesion be examined in a pathologic laboratory to determine the presence 
or absence of Monilia. Thus early malignancy will be discovered, and moniliasis 
will be diagnosed and treated. Though the latter is a stubborn disease, it will re- 
spond and permit the wearing of a prosthesis. 


IDIOPATHIC GRANULOMA 


A lethal disease that frequently involves the palate is often confused by its sim- 
ilarity to the preceding descriptions. In spite of attempts to identify a possible eti- 
ologic agent by repeated animal inoculation and cultures for bacteria, yeasts, fungi, 
and viruses it has been classified as idiopathic granuloma (Fig. 4). 

A patient seen by me for the first time in February, 1951, is similar to the cases 
reported by Williams.” From a purely clinical standpoint, there is nothing in the 
gross appearance of these idiopathic lesions to differentiate them from specific in- 
fectious granulomatous ulcerations occurring in the same location. 

Idiopathic granuloma is described by Stewart” as being divided into three 
stages: a prodromal stage, lasting from a month to as long as five years, an active 
stage of destruction of the hard and soft tissue, and the terminal stage. 
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The patient usually dies from exhaustion, although death may occur from ero- 
sion of large vessels. Williams reports temporary relief from the use of cortisone. 
In Williams’ report” the only microorganisms recognized on staining were of 
the genus Monilia. The significance of this has not been determined. 


Fig. 4.—Idiopathic facial granuloma of two years’ duration. The entire mucous 
membrane is in a stage of necrosis. 


Fig. 5.—Plasmacytoma of the hard palate. The lesion is known to have been 
present three years. No microorganism was found. 


PLASMACYTOMA 


A third disease entity that has not received the attention of our profession is 
plasmacytoma. The case presented was similar in clinical appearance to one of in- 
fected granuloma. Repeated biopsies reported upon by different pathologists were 
reported as plasmacytoma of the hard palate. A similar case reported by Sametnik™ 
has led me to believe that this case should be reported in detail in a separate paper. 
“They may develop a condition after months or years which is indistinguishable from 
multiple myelomatosis. The lesion is usually solitary so that radical excision pre- 
vents fatal extension to the form of multiple myelomatosis.” This patient was op- 
erated on with no recurrent symptoms one year later (Fig. 5). 
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MALIGNANT TUMORS 


Another great responsibility of the dentist is the early detection of malignant 
tumors in and about the mouth. Literally, the life of the patient with a precancer- 
ous or cancerous lesion (of the mouth) is often in the dentist’s hands.” 

In the great majority of instances, the presenting symptom in patients with in- 
traoral cancer is simply the detection of a hitherto unnoted lesion. Pain is strik- 
ingly absent in all early stages. A routine examination of the mouth is far often 
too hasty. Too often it consists of a cursory glance at the surface of the tongue, 
occasionally the inside of the cheeks and the palate, and perhaps a slight glimpse of 
the tonsils. Many tumors are not recognized by such superficial inspection. 


THE EXAMINATION 


On examining the mouth, the lips are inspected first and, if an abnormality is 
found, it is palpated between the thumb and index finger. The lips are lifted away 
from the gingivae and the cheeks pulled aside with a mirror for adequate inspection 
of the entire buccal mucous membrane and all sulci. The patient is asked to put out 
his tongue for careful observation of each side, and is requested to raise the tip of 
the tongue to the roof of the mouth for an adequate view of the floor of the mouth. 
The hard and soft palate, uvula, tonsillar fossae, and oropharynx are carefully 


examined.’ 
Ulcers and tumors in the oral cavity are carefully palpated with a gloved hand. 


Most acute ulcers are soft. Chronic ulcers are firm. Any indurated area in any 
ulcer requires biopsy. When feasible, the “excision biopsy” is the one of choice. 

A chronic ulcer is considered malignant until proved otherwise. 

As long as the ulcer is a superficial one the superimposed inflammation produces 
no discomfort. The oral cavity has certain areas that, from a clinical standpoint, are 
considered “silent areas.” They may not, in many cases, interfere with speech, 
swallowing, or jaw movement, nor is the patients’ attention likely to be drawn to 
them by pain. 

Thus it becomes possible for the dental inspection to provide for the discovery 
of the existence of an unsuspected malignancy. Following diagnosis and treatment 
of a malignant oral lesion, the prosthodontist has an important part in the rehabili- 
tation of the patient. 

The thin layer of mucous membrance covering the hard palate, with mucous 
glands dotting its surface, is a most frequent site of tumors. The close proximity of 
the underlying bony plate to these surface growths constitutes a handicap to treat- 
ment. If radiation is used in cancericidal doses, the threat of radionecrosis is a real 
one. In removal of these tumors, it is many times necessary to remove the adjacent 
portion of underlying maxillae, and this leaves a permanent defect. The disability 
from these defects can only be overcome by a dental prosthesis.” In several in- 
stances, the presence of one or two teeth have made the difference between a suc- 
cessful or unsuccessful prosthesis (Fig. 6). 

Patients frequently attribute gingival cancers to ill-fitting dentures, and many 
physicians have come to accept this view. Morfit and Proctor” state that little, if 
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any, real scientific evidence supports this claim. The early diagnosis of a cancer be- 
ginning in the antrum is an exceedingly rare thing due to the anatomic peculiarities. 
A tumor starting in the membrane lining is not detectable by vision or palpation. It 
is not until the tumor has grown through the confining bony wall that the diagnosis 
is made. 

Patients may present themselves with mobile teeth and suspicions are first 
aroused when the socket fails to heal after treatment by ordinary methods. 





Fig. 6.—Restoration of the right half of the maxilla which was surgically removed. 
N. B. The left cuspid materially aids in retention. 





Fig. 7.—Osteogenic sarcoma on a partially edentulous mandible with a known duration of the 
tumor mass of seven years. The mandible was resected anterior to the mental foramen. 


TUMORS 


Tumors appearing in the mandible and maxillae are divided into benign and 
malignant. A malignant tumor usually occurs in the form of an osteogenic sarcoma 
(Fig. 7). Benign tumors should be differentiated from malignant ones, both for 
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the patient’s peace of mind, and also because some benign tumors are likely to be- 
come malignant. Premalignant lesions, such as epithelial papilloma and leukoplakia 
should be properly dealt with to prevent malignancy. 

It is helpful to remember that the primitive oral epithelium has the potentiality 
of developing six different adult structures: namely squamous epithelium, mucous 
glands, dental buds, salivary tissue, thyroid tissue, and Rathke’s pouch of the 
hypophysis. 

With the improvement in surgical techniques and the supportive measures sup- 
plied by the abundant use of blood transfusions and the antibiotics, it is possible 
today to perform many operations which were formerly abandoned because of the 
high mortality rate. The wide application of these operative procedures on patients 
with head and neck cancer have resulted in an improvement in the survival rate of 
patients suffering with this disease. One serious disadvantage to these operative 
procedures, however, is the fact that, although the cancer may be eradicated, this 
is accomplished in some instances at the expense of leaving serious anatomic defects. 


POSTOPERATIVE REHABILITATION 


To ignore the crippling effects of these defects is to ignore partially responsibil- 
ity to the patient. Postoperative rehabilitation is as important and as necessary 
as the surgery itself. Removal of the tumor masses from the mouth or nasal 
cavities produces defects that vary from small openings to the complete loss of 
the palate, nose, or mandible. The dentist, when presented with a patient with 
such anatomic defects, may be tempted to dismiss the patient with a “nothing 
can be done” attitude. This challenge can be met effectively by the dental 
profession.” 

SURGICAL PROSTHESIS 


The primary purposes of a dental prosthesis for surgical defects are (1) to aid 
deglutition, (2) improve speech, (3) support the sagging morale, and (4) create a 
harmonious appearance. The prosthesis, for many reasons, should be constructed 
as simply as possible, and not the least of these is for hygiene. We must remember 
that these prosthetic appliances do not function as of themselves, and therefore the 
wearer must be meticulous in his hygiene. It is, therefore, the duty of the prostho- 
dontist to instruct the patient in the care of the restoration if it is to serve the in- 
tended purpose. 

Another reason for simplicity is so the handicapped individual can insert the 
appliance with ease, thereby increasing its usefulness. The appliance must be as 
light of weight as construction will allow. A heavy prosthesis will overload the 
supporting tissues which will break down and cause additional problems. The pur- 
poses of the prosthesis and its design are so important that it is mandatory for the 
prosthodontist and surgeon to cooperate preoperatively as well as postoperatively. 
Technically, the appliance must be designed to be efficient for the individual, and it 
must be completed as soon as tissue tolerance will permit. The prothesis thus acts 
as a support of soft tissues to prevent their contraction, and increases the functional 
activity of the supporting structures. 
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The choice and design of a prosthetic appliance depends upon a knowledge of 
the tissue to be restored, and of those tissues that surround the region of the defect. 


The development of the modern plastics has greatly increased the possibility of “the 
reconstructional prosthesis.” 





Fig. 8.—An obturator made of soft plastic. The nasal fossae and 
soft palate were used for retention. 


Where tissues have been lost causing an unnatural exposure of the gingival tis- 
sue, the author has developed a combination of acrylic polymers that blend with the 
contiguous structures in such a manner that the morale of the patient is vastly im- 
proved because of natural appearance of the restoration. If teeth are present they 
often materially aid in retention of the prosthesis and, for this reason, all teeth pos- 
sible should be saved. However, many times these patients are edentulous, and the 
construction of a prosthesis causes the prosthodontist greater difficulty and the 





Fig. 9.—The prosthesis shown in Fig. 6. The obturator filling the defect is hollow. 


wearer a more complex problem. The problems presented are not insurmountable 
if the individual has a sincere desire to have a prosthesis constructed, and if the 
prosthodontist has a determination to aid the patient. In this respect, recently an 
edentulous patient 63 years of age with a palatal defect occupying two-thirds of the 
normal palate was restored nearly to normalcy by constructing a denture with an 
obturator made of a soft plastic which filled the defect. The nasal fossae and the 
superior surface of the soft palate were used as retention points (Fig. 8). 
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IMPRESSIONS 


Basically the securing of an impression of these surgical defects does not differ 
from any dental procedure. 

In securing an impression of the defect and the contiguous structures, the op- 
erator must keep in mind the necessity for taking advantage of retention areas, 
such as the nasal or antral cavities. When it is necessary to restore large defects as 
illustrated in Fig. 9, the obturator should be hollow to decrease weight and give res- 
onance of speech tones. 

The remaining alveolar ridges, palate, and teeth are utilized for retention of the 
prosthesis. Retention arms are extended into the nasal cavities above the posterior 
border of the palate, into the nasopharyngeal space, and laterally into the cavity of 
the maxillary sinus and/or the nose. In some cases, a hinged prosthesis facilitates 
the introduction of the prosthesis. 





Fig. 10.—A plastic tube processed into the prosthesis to provide drainage into the 
buccal space (as seen from the distal end). 


With the uncorrected defect, the patient is handicapped with a serious speech 
deformity of the type usually seen in patients with a cleft palate. Furthermore, in- 
gestion of food is a serious handicap in the presence of such a defect. The use of a 
temporary denture which covers the defect adds to the patient’s comfort by lessen- 
ing the difficulty experienced in speech and in eating, and by controlling the amount 
of secondary contraction and adhesions of the soft tissues. They may also be em- 
ployed to immobilize parts during and after surgery.” 

When a mouthful of liquid or a bolus of food is placed into the mouth of a nor- 
mal individual, it is propelled backwards into the pharynx during the act of swallow- 
ing by the elevation of the tongue against the hard palate. In the presence of a 
defect of the hard palate, the food will be pushed into the nasal passages instead of 
backwards into the pharynx, and the patient will complain of liquids in the foods 
“leaking from his nose” when he eats. The patient suffering anatomic losses should 
be impressed with the value of swallowing with effort, so that it will become habitual. 
In this manner, not only are the appliances seated under definite stress, but the func- 
tion of the salivary glands is improved. Both of these handicaps can be completely 
circumvented with the use of a well-constructed prosthesis. 
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SOFT PALATE DEFECTS 


When the soft palate is lost, complications are increased as all speech tones 
are nasal in quality, and deglutition is more difficult with the lack of apposition of 
the constrictor muscles. However, the problem is not insurmountable. 

The pharyngeal portion of the appliance is constructed from an impression that 
began as a mass of compound attached to retention wires which were imbedded in 
the distal portion of the hard palate prosthesis. When this mass most nearly fills the 
pharyngeal space, soft wax is added to its surface until it is in contact with the Pass- 
avant pad of the pharynx, and with the constrictor muscles but not infringing upon 
them. It is necessary to restore the contact between the soft palate (uvula) and 
Passavant’s ridge if normal speech tones are to be restored or acquired. It is by this 
means and this alone that the voice sounds can be controlled in the oral resonant 
chamber, and thus propelled from the lips in the manner desired. It has been found 
advisable to imbed a plastic drinking tube in the palatal obturator from the distal 
portion of the extension to an area above the bicuspids to drain liquids to the buccal 
cavity. If this step is neglected, liquids leave the nose when the patient is drinking 
(Fig.. 10). 


Fig. 11.—The masticating swivel and guide plane on a lower prosthesis. 
The right edentulous mandible had been resected. 


LOSS OF MANDIBLE 


Loss of the mandible is most frequently necessitated in the removal of cancers 
of the gums invading the underlying bone, or secondary invasion of the bone by 
large metastatic masses in the neck. Loss of continuity of the mandible results in 
an imbalance in fixation, with a resultant shift to the side of the defect. Malocclu- 
sion is a natural result of this shift. 

When a portion of the mandible has been lost, and particularly if the condyle is 
involved, guide planes must be included in the molar area of the restoration and on 
the normal side, so that the teeth are guided into occlusion (Fig. 11). 

Each defect introduces new problems of its own, and it is surprising how many 
times these can be solved with the combined talents of the operating surgeon and 
the prosthodontist. 
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ORAL PATHOLOGY IN RELATION TO DENTAL PROSTHESIS 
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CLEFT PALATE CLASSIFICATION 


JEROME C. Strain, D.D.S.* 


University of California College of Dentistry, San Francisco, Calif. 


ONSIDERABLE attention has been focused upon the cleft palate patient in 
C the past several years. It makes no difference whether the cleft is congenital 
or acquired, the magnitude of the situation remains the same. The mere reference 
to cleft palate brings to mind a certain condition. Without adequate nomenclature, 
we cannot accurately picture the condition or problem. 

A cleft palate classification to be all inclusive yet simple enough for every 
day usage is an impossibility. A review of the several classifications at hand will 
serve to illustrate the dilemma that the prosthodontist finds himself facing when 
he attempts to set down certain descriptions relative to the cleft palate patient. 
Except for Brophy,’ surgeons do not give much consideration to the classification 
of these defects. The Brophy classification consists of fifteen forms, but it con- 
tains several which are not commonly found. 


BROPHY CLASSIFICATION 


Form 1: Cleft of the uvulae (partial). 

Form 2: Cleft of the uvulae extending forward into the fibers of the levator 
palati and the reflected portions of the palati muscles. 

Form 3: Cleft extending through the uvulae and forward to the posterior 
border of the horizontal plates of the palate bones. 

Form 4: Cleft extending through the entire soft palate, including a partial or 
complete cleft of the horizontal plates of the palate bones. 

Form 5: Cleft of the entire soft palate, through the horizontal plates of the 
palate bones, and into the palatal process of the maxillary bones. 

Form 6: Cleft of the entire soft palate and the hard palate, nearly as far for- 
ward as the original line of the union between the palatal plates of the maxillary 
bones. 

Form 7: Complete single cleft of the entire soft and hard palate. The maxil- 
lary bone is separated from the premaxillary bone. 

Form 8: Tripartite cleft, extending through the soft and hard palate separat- 
ing the premaxillary bones from the maxillary bones. Often complicated with a 
double harelip. 

Form 9: Cleft of the entire soft palate, extending irregularly through the 
hard palate. The premaxillary bones are entirely separated from the maxillary 
bones. Usually complicated with a double harelip. 


Received for publication July 3, 1953. 
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Form 10: Cleft only between the left maxillary bone and premaxillary bone. 
May be complicated by a double harelip. 

Form 11: Cleft completely separating both premaxillary bones from the 
maxillary bones. 

Form 12: Cleft only of the anterior one-half or one-third of hard palate, with 
protruding premaxillary bones, which are entirely separated from the maxillary 
bones. 

Form 13: Cleft of the entire soft and hard palate, extending through the left 
alveolar ridge. The premaxillary bone is partially separated from the maxillary 
bone on the right. 

Form 14: Cleft of the soft palate, partial or complete, normal hard palate 
with cleft in the alveolar border. 

Form 15: Cleft only of the alveolar process anterior to the maxillary bones, 
due to the nondevelopment or absence of the premaxillary bones. 


MORLEY CLASSIFICATION’ 


Group 1: Prealveolar (process) cleft 
a. Unilateral, left or right 
b. Median 
c. Bilateral 
Group 2: Postalveolar (process) cleft 
a. Soft palate only, or part thereof 
b. Soft and hard palate, or part thereof 
c. Submucous cleft 
Group 3: Alveolar (process) cleft 
a. Unilateral, left or right 
b. Median 
c. Bilateral 


The classifications as used by Fitz-Gibbon,” Veau, and Olinger’ are quite 
similar. Holdsworth’ quotes Veau’s classification. Fitz-Gibbon’s classification is as 
follows : 


FITZ-GIBBON CLASSIFICATION 


No. 1: Cleft of the soft palate. 
No. 2: Cleft of the soft and hard palate. 
No.. 3: 
No. 4: Cleft of the soft and hard palate, together with a double harelip and 
detached premaxillae. 
No. 5. Postoperative case with a short soft palate with little or no mobility. 
No. 6: Same as No. 5 but with constricted arch. 
No. 7: Cleft of the soft and hard palate, edentulous. 
No. 8: Cleft of the hard palate, acquired. 


Cleft of the soft and hard palate with a single harelip. 


James’ suggests using the first four classifications with further description of 
these four basic types by adding the proper word congenital, acquired, postoperative, 
or endentulous. 
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Olinger’s classification conforms to the first four classes of Fitz-Gibbon, but 
he added two classes prior to the cleft of the soft palate and eliminates the last 
four. 


OLINGER CLASSIFICATION 


Class 1: Fissure in the azygos uvulae. 

Class 2: Fissure in the uvulae. 

Class 3: Fissure in the soft palate. 

Class 4: Fissure in the soft and hard palates. 

Class 5: Unilateral cleft, fissure in the soft and hard palates through the 
alveolar ridge at the junction of the maxillae and premaxillae, accompanied by a 
cleft lip. 

Class 6: Bilateral cleft, fissure in the soft and hard palates through the alveolar 
ridge at the junction of the maxillae and premaxillae, accompanied by a cleft lip. 


REQUIREMENTS OF A CLASSIFICATION 


The prosthodontist is vitally interested in (1) the anteroposterior extent of the 
cleft, (2) the width of the fissure in the soft palate, (3) the mobility of the border 
tissue in attempting to close the cleft laterally, and (4) the vertical lifting of these 
fragments. 

These requirements have not been met in the foregoing classifications save the 
first type, namely, the anterior-posterior extent of the cleft. Fitz-Gibbon referred 
to the mobility of the soft palate in his classes 5 and 6. The primary purpose of 
such a classification is to aid in the intelligent description of the patient’s condition 
as well as to determine the plan of treatment. 


The first requirement having been satisfied, let us turn our attention to the 
second, the width of the fissure in the soft palate. This dimension is relative to 
the size of the arch and so could be described as wide, medium, or narrow. The 
third, mobility of the lateral tissues bordering the cleft in the soft palate, is of 
vital concern for it determines the size and shape of the obturator due to lateral 
movement. Lateral movement could be classified as active or passive. The fourth, 
or vertical lift of these lateral border tissues, may well be the determining factor 
in the type of obturator that is to be used. This lift could be classified as high 
low, or static. 

We, therefore, offer the system of classifying cleft palate defects as suggested 
by Olinger and add to it the refinements used at the University of California, plus 
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the description suggested by James. This would give us a clear and concise 
method for cleft palate classification. The following chart condenses the classifica- 
tion and satisfies the aforementioned requirements. 


To illustrate: A patient presents himself for treatment and we find that he has 
a unilateral cleft of the soft and hard palate extending through the alveolar ridge ac- 
companied by a cleft lip which had been repaired. The cleft of the soft palate is 
wide in comparison to the size of the arch. There is much lateral mobility of the 
border tissue but very little vertical lift. No attempt had been made to repair 
the cleft in the soft and hard palate by the surgeon. This patient would be classi- 
hed as follows: CL 5 - W-A-L congenital, unoperated. 


SUMMARY 


1. The present system of classification is inadequate for the needs of the 
prosthodontist. 


2. The suggested classification will cover the following points including the 
one point covered by the previous classifications: (1) the anteroposterior extent of 
the cleft, (2) the relative width of the cleft in the soft palate, (3) mobility of the 
lateral border tissues, and (4) lift of the lateral border tissues. 
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ANNOUNCEMENTS 


The School of Dentistry, University of Pennsylvania announces three post- 
graduate courses to begin this fall and winter. 


P. G. 21—Partial Dentures by M. M. DeVan and associates. One day per 
week for six weeks starting Nov. 16, 1953. This course is designed for general 
practitioners and will cover recent advances in theory and practice. 


P. G. 22—Periodontal Therapy by Henry M. Goldman and associates. Dec. 
14 to 19, 1953. Etiology, diagnosis, and treatment will be taught by lectures and 
demonstrations. 


P. G. 24—Precision Prosthesis and Functional Treatment by Ernest R. Gran- 
ger. Jan. 18 to 23, 1954. This course on partial dentures will deal with the use 
to) - 


of precision prosthesis as a means of restoring and maintaining the function of 
its opposing, apposing and supporting structures. 


The next Greater New York Dental Meeting will be held at the Hotel Statler, 
Dec. 7, 8, 9, 10, and 11, 1953. 


Columbia University School of Dental and Oral Surgery of the Faculty of 
Medicine announces a course on the Principles of Occlusion by Dr. Lewis Fox and 
associates on Jan. 13, 14, and 15, 1954. For further information write to Dr. 
Barnet M. Levy, Director, Postgraduate Division at 630 West 168th St., New 
York 32, N.Y. 


The next meeting of the American Board of Prosthodontics will be held Feb. 
1 to 7, 1954. Those who wish to have their applications considered at this time 
should have them in the hands of the Secretary as soon as possible. Direct corre- 
spondence to S. Howard Payne, Secretary, University of Buffalo, School of Den- 
tistry, Buffalo 14, N.Y. 
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Wernet’s Powder is 


RECOMMENDED 


by more dentists than 








any other denture powder 








In order that perfect dentures may be sure to 
give perfect performance, many dentists advise 
denture patients to use Wernet’s Powder during 
the trying period of adaptation. Such assistance 
can be of particular value— 





For “treatment”? cases —to give added comfort and 
stability during the first weeks of adjustment and to 
prolong retention during the pe- 

riod of tissue resorption. — 




















For the “anatomically difficult” 
case —when added retention is 
needed to increase the patient’s 
ability to wear the denture with 
satisfaction. 














For the “psychologically diffi- 
cult”? case—to provide extra ad- 
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harmony 
in all 
dimensions 


When Nature or man combines faces and 
teeth of like or similar form, the effect is 
harmonious and pleasing. When either fail, 
the effect is frequently displeasing, according 
to the degree of disharmony present. 


Trubyte Bioform Teeth harmonize with all 
three dimensions of the face. These three 
harmonious relationships — outline form, 
profile and cheek planes, are primary 
considerations in fine denture restorations. 
Their recognition and incorporation 

in Trubyte Bioform Teeth is a major advance 
in esthetics. Now, for the first time, you 
can select teeth which are in harmony 

with not just one, but all three aspects of 
facial dimensions. They provide a new 
ease and simplicity of selection, and enable 
every dentist to attain a new degree of 
excellence in his prosthetic work. 


Trubyte Bio OrM? Teeth 


A Product of The Dentists’ Supply Company of New York 


York, Pennsylvania 








